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THE NEMATODE DISEASE BULBOUS IRIS CAUSED 
DITYLENCHUS DIPSACI (KUHN 1858) FILIPJEV 1936, AND 
EXPERIMENTS ITS CONTROL BULB 


Abstract 


The individual bulbs that arise from nematode-infested mother bulb are 
seldom all infested, which accounted for the disappearance the old bulb, 
when the daughter bulbs form, necessitating re-entrance. The nematodes 
appear attack the stem and tunics first. Normally they enter the bulb 
proper through the base. Tip infection occurs, but comparatively rare. 
evidence has been obtained that nematodes enter the plants above soil level. 

Basal discoloration, revealed the removal the dry caps from the bulb 
bases, suggested diagnostic symptom addition the characteristic 
streaks the outer fleshy scale and the discoloration the base the stems. 

Death and chlorosis iris plants could not attributed bulb nematodes 


infested plantations. 

evidence was obtained that the bulb nematode significantly affects the 
forcing capabilities iris bulbs 

Immersion water for one hour 44° killed iris bulbs when done early 
November, with without disinfectants. Treatments iris bulbs with cold 
organic mercury solutions and other solutions, increased the yield bulbs, 
apparently because they controlled Penicillium sp. and other parasites rather 
than bulb nematodes. Fumigation with ethylene dichloride and ethyl acetate 
injured iris bulbs and failed control the nematodes. Formalin fumigant 
was less injurious, but was not effective nematicide. 


Introduction 

Bulbous irises have been known hosts Ditylenchus dipsaci since 1925, 
but little progress has been made the study the disease and its control. 
Apparently the disease has attracted little attention, for Hodson (3) states 
that not until 1932 was its occurrence England noted the English iris 
(I. xiphiodes and 1933 the Dutch iris xiphium hybridum 

America the disease was noted 1928 and Steiner and Buhrer (5) pub- 
lished summary their observations between 1928 and 1932, reporting that 
varieties bulbous irises were infested, including Spanish xiphium L.), 
Dutch xiphium hybridum), English xiphiodes Ehrb.) and Moroccan 
tingitana Boiss and Rent) irises. British Columbia, noted the 
disease 1934 (2). Since then, infestations have been found many varie- 
ties the Dutch iris, including Wedgewood, Imperator, Yellow Queen, Hart 
Nibbrig, White Excelsior, and Supreme. During the last two years, large 
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proportion the foreign iris bulbs examined the port entry British 
Columbia, were found infested. Apparently the infestation iris 
widely spread throughout the world. 

Goodey (1) and Hodson (3) have sounded warnings the increasing in- 
cidence the disease England. realized the danger dipsaci 
the iris bulb and published review his preliminary experiments and 
observations 1934, which described the bulb and field symptoms. 


The Iris Bulb Relation the Nematode Disease 

the multiplication bulbous irises, the original bulb breaks down 
provide nourishment for the daughter bulbs, hence nematode infestation 
irises never more than one year narcissus, the other hand, 
the bulb tissue perennial, hence nematode infestation may several 
years old. The fleshy scales the parent iris bulb shrivel and decay, 
hence when they are infested the nematodes are discharged into the soil. 
These nematodes may re-infest the daughter iris plant com- 
posed single stem attached the basal plate the mother bulb. This 
plate bears cluster five bulbs usually. These bulbs are arranged fanwise, 
the largest the centre, and the stem next the central maturity 
the base the stem often infested with nematodes. The affected stem 
may may not show definite streak symptoms (Fig. The gray 
yellow discoloration the stem may continue into the basal cap (plate 
the mother bulb) and into the basal plate one more daughter bulbs. 
From the basal plate the daughter bulbs the nematodes work into the 
fleshy scales, producing lesions that are visible gray yellow streaks. 
The central large bulb cluster often the only one that infested the 
natural consequence its position next the infested stem. 

Sometimes the nematodes attack the tunic the bulb, but they apparently 
exist but short time active state upon the tunics. The nematodes 
the tunics are usually found their characteristic coiled inactive state. 
Dr. Steiner, Senior Nematologist the U.S. Department Agriculture, 
estimated the presence approximately 3000 nematodes the tunic 
single bulb forwarded from this laboratory. After rain, when the bulbs 
are moist, the nematodes appear travel the water film, and thus they 
gain entrance the tip nose the bulb and basal plate. evidence 
has been obtained that the nematodes ever enter the plant above the soil 
level. The existence nematode populations the basal parts the stem, 
the residual parts the mother bulb and the tunics, emphasizes the 
need special precautions the destruction iris bulb cleanings, which are 
composed chiefly these plant parts. 


Diagnosis Infestation 
Infestation with Definite Symptoms 
When infestation originates the base the bulbs, the nematodes may 
produce internal lesions the outer fleshy scale. Occasionally the second 
scale also attacked. The infestation normally close the outer 
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surface that may seen beneath the cuticle gray yellow streaks 
Occasionally the lesions are nearer the inner surface, then the in- 
fested bulb appears healthy externally, but the scale removed, the streaks 
will found the inner surface (Fig. 4). 


Fic. characteristic basal discoloration and shrinkage the tissue around the 
basal plate iris bulbs caused the bulb nematode. The characteristic streaks radiating 
from the basal plate the outer surface the fleshy scale Wedgewood bulbs. The 
characteristic streak symptoms the stem iris plant caused the bulb nematode. 
The characteristic streak symptoms the inner surface the first fleshy scale Wedge- 


wood bulb. 
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Infestation with Less Definite Symptoms 

Frequently infested bulb bears streak symptoms yet may dis- 
colored the base beneath the dry cap. This discolored tissue around the 
base may shrink form depressed ring which usually filled with dust- 
like nematode debris (Fig. examination the discolored tissue 
the ring, beneath the cap the mother bulb, will reveal living nematodes. 
quantity Wedgewood bulbs was examined, and 65% the infested 
bulbs exhibited this basal discoloration, while only about bore the charac- 
teristic streak symptoms. one lot Imperator bulbs, 60% the bases 
were found discolored when the residual plates the mother bulbs 
were removed, yet only smail proportion bore addition the characteristic 
streak symptoms. These bulbs were kept storage for ten weeks, but 
further development streak symptoms occurred. Whether the bulbs show 
streak symptoms not, apparently discoloration the base characteristic 
symptom infestation. 


Suggested Method Examination for Nematode Infestation 


Field Examination 

Dig plants random, remove the small bulbs from the side the 
cluster and expose the stem. the stem discolored keep for laboratory 
examination. Examine the base the bulbs removing the basal cap 
(residual plate mother bulb) and any are discolored, proceed peel 
back the tunics expose characteristic streak symptoms. Streak symptoms 
may considered positive evidence nematode infestation. When 
streak symptoms are present, tease out the discolored stem tissue 
water and search for living specimens under binocular 
microscope. 

Examination Bulbs after Harvest 

When basal parts the stem still adhere the bulbs, discoloration thereon 
index infestation, but the cleaning process usually removes all 
stem parts. Proceed with the examination removing the residual parts 
the mother bulb from the base and look beneath for discolored tissue, which 
may may not extend upwards streaks the fleshy scales. When streaks 
are not present, microscopic examination the discolored basal tissue 
should made certify that the discolored base ring symptom due 
nematodes. 


Hodson (3) has suggested that field infestation quite obvious, the foliage 
being chlorotic, dwarfed, even entirely absent. case has been found 
where blank areas iris plantations could attributed nematode 
infestation. All the dead plants heavily infested plantation Imperator 
iris were examined. Only 13% were found infested with dipsaci. the 
other hand, Penicillium rot appeared account for the death 93%. 
nematode infested plantation Wedgewood iris, nematodes were found 
the dead plants, and 58% the dead plants were advanced state 
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decay through Penicillium rot. Chlorotic plants were also examined, but 
again Penicillium rot rather than bulb nematodes appeared account for 
the chlorotic symptoms when virus disease was not present. 


Effect Infestation Bulb Crop 

Twenty-four nematode infested bulbs were planted glasshouse and 
the growth compared with healthy ones corresponding sizes. During 
the growing season there was visible difference between the healthy and 
the infested. maturity, the infested yielded daughter bulbs that 
weighed gm., and the healthy yielded that weighed gm. Only 
7.2% the daughter bulbs from infested parents were infested, and these 
the bulb nematode was found only the tunics. streaks discolored 


base tissue were found. 


Effect Infestation Flower Crop 

Data the percentage flowers obtained from forcing infested iris bulbs 
were obtained through the co-operation Mr. Olds, District Officer, 
Plant Quarantine Office, Vancouver, British Columbia, and two Vancouver 
glasshouse operators. One forcer planted 15,000 Wedgewood bulbs known 
have infestation. normal harvest bloom was obtained. From 
95% the bulbs yielded marketable bloom. examination the 
plants after forcing showed that were infested with dipsaci. The 
other forcer planted 6000 Wedgewood bulbs known have 25% infestation, 
and likewise cut normal crop, for 95% the bulbs yielded market- 
able bloom. This study suggests that the bulb nematode does not signifi- 
cantly affect the forcing capabilities iris bulbs. 


Control Experiments 


Imperator bulbs were used this experiment, 20% which bore con- 
spicuous symptoms nematode infestation. The bulbs were divided into 
lots 1000 gm. each and treated thermally, chemically, and fumigation 
between November and and planted almost immediately. The notes 
Table were taken the following summer when the plants matured. The 


bulbs that were treated with hot water failed grow, possibly because 


thermal treatment early November too late. Hodson (3) likewise found 
that one- and two-hour immersion water 110° December destroyed 
the bulbs. the other hand, Staniland (4) found that bulbs the variety 
Imperator successfully withstood treatment for minutes 110° early 
autumn. These discrepancies may accounted for the time treatment. 
Evidence accumulating that one- two-hour immersion 110° may 
not injure iris bulbs significantly, applied shortly after the bulbs mature, 
but late treatments are unquestionably injurious. According information 
received from Dr. Freeman Weiss the U.S. Department Agriculture, 
modified treatment has been developed which consists the immersion for 
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TABLE 
THE INFLUENCE BULB TREATMENTS UPON NEMATODE INFESTED IRIS 


Weight Flower 
Plants 
of bulbs at P produc- 
Concen- Tempera- infested, 
Period, harvest, tion, 
Solution tration, ture, % o 
hr. °C gm. [0 
. 
Cold chemical treatments 
Silver nitrate 0.05 
Potassium cyanide RS th 1.0 810 34 57 
Formalin a 1.0 1540 41 69 
Sodium bisulphite 20 1.0 1317 38 65 
Phenol as 1.0 1610 62 75 
Leytosan (mercurial) -03 1.0 1790 46 78 
Ethyl acetate 1.0 18.0 90 23 _ 
Cupric nitrate \ 
Potassium cyanide 25 J 1.0 940 30 56 
Fumigation 
Ethylene dichloride .03 24.0 490 15 37 
Ethyl acetate -03 24.0 238 28 38 
Formaldehyde 
Formalin .01 | 
KMn0O, 24.0 1172 36 59 
a 
Thermal treatments 
Silver nitrate 0.05 25 50 0 
Potassium cyanide 5 ae 47 0 
1.0 44 0 
Formalin 0.5 50 0 
47 0 
1.0 44 
Water Py 50 0 
5 47 0 
1.0 44 0 
Control 
Untreated 1220 56 70 
Untreated 1485 55 84 


This treatment has apparently done significant injury the bulbs when 
applied not later than early October. may safe period for the 
immersion iris bulbs hot water for hr., but this period depends upon 
the environmental complex controlling growth, hence should determined 
for each locality. 


The cold chemical dips failed eradicate the bulb nematodes. mer- 
curial dip treatment gave the highest yield, followed phenol and formalin. 
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The increased yield following mercurial and other dips due apparently 
the control Penicillium sp. and other parasites rather than bulb nematodes. 
The 
solutions lowered the vitality the plants. The toxic effect ethyl acetate 
dip and fumigant was particularly evident. Ethylene dichloride 
likewise was toxic iris bulbs. Formaldehyde gas was the least in- 
jurious, but failed eradicate the nematodes. evidence was obtained 
that the bulb nematode can cortrolled either chemical dip 
fumigation. 
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THE TREATMENT GLASSHOUSE SOILS WITH CHLOROPICRIN 
FOR THE CONTROL HETERODERA MARIONI (CORNU) 
GOODEY, AND OTHER SOIL PATHOGENS 


Abstract 


Chloropicrin cc. doses lethal bulb nematodes six inches from the 
point injection within soil volume one cubic foot. also lethal 
fungi. The vegetative stages are destroyed 195,000, and certain sclerotia 
90,000. 


The injection chloropicrin into greenhouse soils lowered the incidence and 
pathogenicity root-knot infection both summer and winter crop 
tomatoes and greatly increased the yields fruit. The chloropicrin costs $1.65 
per pound $8.50 treat 2000 sq. ft. soil. 


Introduction 


The artificial conditions crop production under glass often result 
accumulation soil-inhabiting pathogens. The most satisfactory method 
destroying these the steam grid method soil sterilization, but where 
steam not available, the operator left with the alternative replacing 
the original soil with uninfested soil, treatment with chemicals. The 
removal and replacement glasshouse soils not favored glasshouse 
operators. Apart from the expense, the operator naturally reluctant 
remove soil which has been abundantly supplied with plant nutrients 
fertilizer applications. 


Many chemicals have been used the past for treating glasshouse soils, 
but few possess the properties insecticide, fungicide and nematicide. 
Recent researches have suggested that chloropicrin possesses all three 
properties. 


Godfrey and his associates have done much prove the value chloro- 
picrin soil sterilizer through their studies the control Heterodera 
the pineapple plantations Hawaii. Johnson and (5) 
found that chloropicrin was effective nematicide when introduced liquid 
form into holes in. deep, spaced in. apart, and covered immediately 
with mulch paper, when applied the rate 163 lb. more per acre. 
Godfrey (1) subsequently compared chloropicrin with carbon disulphide 
pineapple fields and found that chloropicrin applied 170 per acre reduced 
the nematode population 90% and increased the yields pineapple 52%. 
Carbon disulphide applied 750 per acre only reduced the nematode 
population 48% and increased pineapple yields 29%. 


Manuscript received February 1937. 
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Godfrey (2) and Godfrey, Oliveira, and Hoshino (4) have also shown 
that the efficiency chloropicrin can increased better confinement 
the some their tests 99% control marioni was obtained. 
They considered the following conditions essential efficient control; 
the application 250 400 lb. per acre; loose soil without excessive 
moisture; the injection the chloropicrin into holes not more than in. 
apart; and soil cover material impervious gas prevent atmospheric loss. 

The fungicidal properties chloropicrin have also been investigated 
Godfrey found that cc. chloropicrin four-gallon jar soil 
(400 per acre) sealed with glue-coated cover, destroyed Fusarium sp. from 
gladiolus; Verticillium albo-atrum from strawberry; Phytophthora cactorum 
from snapdragon; Rhizoctonia Solani and Sclerotium Rolfsii from sugar beet; 
Armillaria mellea and Dematophora sp. 


Experimental 
arrangement was made conduct experiment the root-knot 
infested bench soils two local commercial glasshouses each ft. 


The Diffusion Chloropicrin Loam Soil 

Preliminary the large-scale glasshouse test, laboratory experiments 
were conducted ascertain the relation the spacing soil injections 
the amount chloropicrin used each injection. The lethal effect upon 
Ditylenchus dipsaci 1858) Filipjev 1936, the bulb nematode, was used 
the measure efficiency. Congelations the pre-adult stage this 
nematode served convenient inoculum, for the direct observation their 
motility non-motility leaves doubt the lethal effect the gas. 

The nematode congelations were placed small glass vials mm. 2.5 
cm.) arranged in. apart cardboard trench was dug loam 
soil depth in., and the cardboard was laid 
was applied one end the series and the soil returned the trench. 
the end seven days, the vials were dug and the nematodes were shaken 
out into shallow dishes containing tap water. They were left for hr. 
recover their motility, and were then examined under microscope. 


TABLE 


THE MOTILITY dipsaci AFFECTED THE SPACING SOIL INJECTIONS AND THE 
AMOUNT CHLOROPICRIN PER INJECTION 


Amount Per cent motile 


Distance inches from source gas 
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These preliminary tests indicate that the maximum distance between 
injections, where impervious paper covering used, should not exceed 
in., and that there little difference efficiency between small and large 
injections except when the distance between them more than in. 

Preliminary tests were also made ascertain the fungicidal properties 
chloropicrin towards few common organisms. 195,000 
destroyed the vegetative stage the following fungi: conglutinans 
var. Callistephi, bulbigenum, graminearum, culmorum, Phomopsis sp., 
Botrytis Tulipae, and Sclerotium Delphinii (from tulip). The sclerotia 
Rhizoctonia Solani, Sclerotinia sclerotiorum, and Botrytis Tulipae were killed 
concentration 90,000, but the sclerotia Botrytis narcissicola and 
Sclerotium Delphinii survived, though their germination was retarded more 
than two weeks compared with that untreated sclerotia. 

These results show that chloropicrin extremely toxic growing mycelia 
but that resting sclerotia are somewhat more resistant. The experiments 
were conducted 39-litre air-tight vessel, wherein little 0.2 cc. 
chloropicrin destroyed the mycelial growth agar cultures. This much 
lower concentration than that used Godfrey, but confirms his conclusion 
that chloropicrin potent fungicide. 


Glasshouse Experiments 
Four benches, each ft. were placed our disposal grower, and 

the following treatments were made: 

(1) Chloropicrin was injected into holes in. deep, cc. per sq. ft.; the soil 
was not covered with gas-impervious material. 

(2) Field peas were sown trap crop and two weeks later chloropicrin was 
injected. 

(3) Calcium cyanamide was applied the rate 1000 Ib. per acre. 


Each bench was divided into four plots carry the three treatments and 
control. were applied October, and winter crop tomatoes 
was grown. The last fruit was harvested February 22. 

Owing unfavorable conditions for pollination, the yields were low. The 
plants from untreated plots averaged 8.4 oz. fruit, those treated with 
calcium cyanamide 10.3 and those from the chloropicrin-treated plots 
11.5 oz. the first ten weeks, the best growth was the calcium 
cyanamide plots, but after weeks, the chloropicrin plots were the best. 
Chloropicrin appeared induce better root system. This may account 
for the gains the season advanced. 

Although the tomato plants had splendid root systems the chloropicrin 
plots, they were not entirely free from root-knot infestation, but the knots 
were few number and small size, and the infestation did not appear 
affect the thrift the plants. the other hand, the plants from the calcium 
cyanamide and untreated plots were badly infested with root-knot, were 
deformed, and carried few fibrous roots. 
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TABLE 


THE AVERAGE YIELD OF WINTER TOMATOES AS INFLUENCED BY TREATING ROOT-KNOT INFESTED 
SOIL WITH CHLOROPICRIN AND CALCIUM CYANAMIDE 


Average yield, oz. per plant 


Bench No. Chloropicrin Pea Calcium cyana- 
treatment, chloropicrin mide, 1000 Ib. Control 
(west) 15.3 14.9 11.4 
(middle) 9.4 10.7 10.0 9.4 
(middle) 10.9 10.0 5.9 
(east) 10.7 10.5 9.7 10.4 
Average 11.9 10.3 8.4 


The experiment was repeated the spring with the summer crop 
tomatoes. 

All the plots were dug and trenched with straw, and the chemicals were 
applied February, but the pea trap test was abandoned and replaced 
cupric potassium cyanide drench. The solution was prepared dissolving 
0.25 lb. cupric nitrate and 0.25 potassium cyanide gallons 
water, and one gallon was applied each square foot soil. 

The yield from this crop was satisfactory. The average weight fruit 
per plant shown Table 

TABLE III 


THE AVERAGE YIELD OF SUMMER TOMATOES AS INFLUENCED BY TREATING THE SOIL WITH 
CHLOROPICRIN, CALCIUM CYANAMIDE, AND CUPRIC-NITRATE—POTASSIUM-CYANIDE 


Average yield, oz. per plant 


Bench No. Calcium 
potassium-cyanide cyanamide Control 

treatment treatment 
(west) 87.3 63.9 
53.4 61.7 54.5 62.5 
(east) 76.2 54.3 57.2 56.6 
Average 68.7 59.2 59.0 56.7 


The plant growth all the plots was good. After the crop was harvested 
the plants were dug and examined. Those from the chloropicrin-treated 
plots were still slightly infested with root-knot, the infestations being confined 
the deeper small roots, but the galls were small and few number. The 
plants from the control plots and calcium cyanamide plots were severely 
infested with root-knot. root-knot was found the roots from the 
plots that were treated with but there 
was evidence injury. 
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The yield increase oz. fruit per plant after the chloropicrin treatment 
represents enhanced crop value about $45.00; this calculation based 
upon 600 plants and fruit cents per pound. 


the rate application was cc. chloropicrin per square foot, and 
there are 266 cc. per pound chloropicrin, the four benches soil used 
approximately gas costing $8.40 (chloropicrin costs $1.68 per pound 
British Columbia). The net profit from the treatment, therefore, amounts 
about $36, not including its benefit subsequent crops. 
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THE INFLUENCE LIPOIDS THE QUALITY AND 
KEEPING PROPERTIES 


Abstract 


The keeping properties different flours varied considerably. Aging was 
accompanied increased absorption regardless whether the flour deteriorated 
baking quality. Increased acidity developed all flours, but was not good 
measure deterioration. Storage sealed containers favored acidity increases, 
while storage sacks favored deterioration. decrease ether extract accom- 
panied deterioration, while decrease the less soluble lipoids appeared take 
place all samples. 

The changes physical properties gluten gave the best indication 
deterioration. Gluten from deteriorated flour was harsh, spongy and short, 
and could not completely dispersed sodium salicylate. Unsaturated fatty 
acids added flour had the same effects gluten, but not baking quality. 
Ground wheat germ added deteriorated flour improved the gluten and 
restored its solubility. The more insoluble germ lipoids were the effective sub- 
stances. Alcohol extraction flour caused deterioration, but gluten quality was 
largely restored addition germ. results indicate the lipoids are adsorbed 
the protein gluten. 

concluded that the unique physical properties gluten are consider- 
able extent dependent the relatively insoluble lipoids present. The possibility 
gluten denaturation being breakdown the protein-lipoid complex 
discussed. 


Introduction 

The quality and keeping properties flour milled from wheat grown 
the black soil Edmonton have been found superior those flour 
from wheat grown the gray soil Fallis differences original 
quality were largely accounted for differences protein content, but 
differences keeping properties must have been due other factors. Many 
the Fallis samples had deteriorated markedly months after milling, 
while most the Edmonton samples maintained their quality for least 
The keeping properties the flours milled from different varieties 
wheat grown the same soil differed. 

Considerable work has been done the changes which take place during 
the aging flour, but far the writers know results comparable 
those obtained with the Edmonton and Fallis flours have been reported. 
known that definite changes the chemical and physical properties 
flour take place during the aging process, and recent work has shown fairly 
conclusively that the most important changes are the lipoidal constituents 
(18). 

Since the literature related this problem has been extensively reviewed 
(2, 18) attempt here made cover again. The most extensive 
and conclusive work related the present problem permits the following 
conclusions: 

received February 1937. 
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The changes which take place unbleached flour during storage result 
improvement quality until fairly definite optimum has been reached, 
after which gradual rapid deterioration may set in. generally 
believed that the processes involved the various stages are the same, 
deterioration being the result the processes going beyond the optimum. 

The specific substances involved the changes attendant flour aging 
have not been well defined, although phosphatides (8, 20, 21), unsaturated 
fatty acids (11, 12, 13, 14), oxidized fatty acids (18) and others have been 
suggested. Older work was based the assumption that germ, present 
the flour impurity, was the source the lipoidal substances involved, 
but recent investigations (18) indicate that the flour itself the more im- 


portant source. 

The interpretation the results presented various investigators 
rendered difficult because there has been uniformity the methods used, 
nor the terminology employed discussing the substances studied. The 
whole class fat-like substances termed “‘lipoids” includes com- 
pounds widely varying nature, and the use various solvents for extraction 
these from flour results the study varying fractions the 
total lipoids. The failure the investigators define what meant 


the conclusions reached. 

The present paper deals with results further studies with the material 
discussed the previous publication (1), and with results preliminary 
experiments designed clarify some the points raised these studies. 


Material 

The material used the main part this study has been briefly described 
earlier paper 1932 series was milled the fall 1932, and 
baking tests were made 10, and months after milling. The flour was 
stored the laboratory cans with tight-fitting covers. The 1933 series 
was milled the fall 1933 and baked one and months after milling. 
The flour was stored both glass sealers with air-tight covers, and cotton 
sacks. The moisture content these flours after months storage was 
approximately and Small quantities wheat the 
1933 series were stored until the spring 1935, when they were milled, and 
the flour compared with that milled 1933. 

high-protein Reward wheat the 1935 crop was used provide flour 
for the other experiments, all which were carried out within three months 
the time milling. During this time the flour was stored cans with 
close-fitting covers. 

Protein Methods 

Nitrogen was determined the Kjeldahl method using mercuric oxide 
catalyst. Protein reported nitrogen 5.7, and the results corrected 
moisture basis. 
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Baking 
Unless otherwise stated, baking was carried out using the bromate formula 


with mg. potassium bromate per loaf. Absorptions are all calculated 
the basis moisture, and therefore increases after storage are not 
due decreased moisture content the flour. 


Acidity 

Acidity was determined the Greek method (7) using tincture curcuma 
indicator. The results are reported the number cc. N/50 sodium 
hydroxide required neutralize cc. the alcoholic extract. 


Hydrogen Ion Concentration 

The hydrogen ion concentration, expressed the tables values, was 
determined using type potentiometer with the quinhydrone gold electrode. 
distilled water, the suspension being maintained constant stirring during 


the determination. 


Ether Extraction 
The flour was dried vacuum over concentrated sulphuric acid until 


contained less than moisture. gm. sample was then placed 
centrifuge tube with cc. diethyl ether, and shaken frequent intervals 
for two hours. The contents the tube were then centrifuged and the ether 
extract decanted. The extracted flour was washed with two 25-cc. portions 
ether and the washings added the original decantate. Most the 
ether was distilled off, the residue placed tared vessel and dried constant 
weight air oven 60° 

This simplified technique was found give results that were good agree- 
ment with those obtained the usual Soxhlet extraction. Since the Soxhlet 
extraction could not used with mixed solvents such the alcohol-ether 
discussed the next paragraph, the simplified procedure was adopted for all 


flour extractions. 


Alcohol-ether Extraction 

The extract referred the alcohol-ether extract was obtained 
modification the method described Channon and Foster (4), and not 
comparable the alcohol-ether extract described Sullivan and Near (16). 
This extraction was carried out manner similar that used for ether, 
except that mixture alcohol and diethyl ether was used the 
solvent. this case, however, the extract, after removal the ether and 
alcohol, was re-extracted with hot chloroform. The chloroform solution was 
placed tared vessel, evaporated small volume, and then dried 


. 


constant weight air oven 100° 


Gluten Washing 
Gluten was washed from the flour the procedure recommended Dill 


and Alsberg (6) except that smaller quantities were used. Washing con- 
ditions were standardized much possible. For some the special 


H 
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studies wash water various values was used with samples the same 
flour. The water was made the same total salt concentration that 
recommended Dill and Alsberg, the desired being obtained using 
varying proportions the phosphates Sorensen’s buffers. 


Baking Tests Results 

summary the baking results already discussed briefly Aamodt and 
McCalla (1) presented Table The results for each location and for 
each year are divided into two groups, representing closely 


TABLE 
MEAN BAKING RESULTS 1932 AND 1933 SERIES 
Absorption, Loaf volume, Partial baking 
Fresh* Fresh Stored Fresh Stored 
1932 
Edmonton Very good 696 694 
Fallis Fairly good 623 594 
1933 
Fallis Fairly good 631 532 


Fresh samples baked month after milling. 
Stored samples, 1932, baked months after milling. 
Stored samples, 1933, stored sacks, baked months after milling. 


samples behaving alike regard keeping properties. There was sharp 
dividing line between individual samples, but the differences between these 
the two groups the 1932 series were quite marked. There was distinct 
variation behavior the various samples the 1933 series, but the division 
was made after taking all factors into consideration More extended baking 
results with the nine Fallis samples the 1932 series which had the poorest 
keeping properties and the corresponding nine Edmonton samples are pre- 


sented Table II. 
TABLE 


MEAN BAKING RESULTS FOR NINE VARIETIES THE 1932 SERIES 


Time after Absorption, Loaf volume, cc. Partial baking score 
months Edmonton Fallis Edmonton Fallis Edmonton Fallis 


Average individual results. 
the nine varieties. 
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The higher absorption after storage, recorded Tables and II, was 
apparently independent deterioration, since the absorption samples 
with inferior and satisfactory keeping properties increased almost the 
same extent. This conclusion substantiated the results for individual 
samples recorded Tables III and IV. 

The discussion the baking results presented the earlier paper (1) 
applies the results Table 1932 the difference behavior the 
material grown the two places was more marked than 1933, but both 
years the flour from the wheat grown the gray soil failed keep well 
storage did that from wheat grown the black soil. Although several 
the varieties grown Fallis produced flour with least fairly good keeping 
properties, the only one commercial importance was Reward. 

The two later baking tests the 1932 samples were carried out after the 
publication the earlier paper. The Edmonton-grown material did not 
deteriorate between and months, but during the same period the 
deterioration the Fallis-grown material, which was definite months, 
continued. the end months, the Edmonton flours had deteriorated 
only approximately much the Fallis flours after months’ storage. 


Acidity and 

After the baking tests had been carried out, only small amounts flour 
were left. The results preliminary tests carried out with the 1932 samples 
are presented Table III, and the results similar tests the 1933 series 
Table results are included for purposes direct comparison 
with other results obtained. 

analytical studies were made with the flours the 1932 series the 
time the first baking, but considerable work has shown that acidity and 
values most freshly milled flours are fairly uniform. The quality the 
gluten from Fallis-grown samples usually only slightly, all, inferior 
that corresponding Edmonton-grown samples. 

While the acidity deteriorated flour was, within variety, higher than 
for non-deteriorated, the results for the whole 1932 series indicate that acidity 
not reliable measure either quality keeping properties. The results 
with the 1933 series are even more convincing, for analyses were made the 
time the first baking. The apparent discrepancies between the baking 
and other results the 1933 series cannot attributed the four months’ 
delay making the other tests, since later baking tests short series 
showed that the relations among samples months after milling had been 
maintained some months later. The acidities all samples increased with 
storage, but the range increase samples with similar baking quality was 
enormous. I-28-60 sample grown Fallis and stored sealer had the 
second highest acidity the series, more than double that the same sample 
stored sack; but the decrease loaf volume was just significant, while 
that the sample stored the sack was very marked. Similar results were 
obtained with other varieties. 
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The changes that took place the two sets stored flours were considerably 
different nature. The increase acidity was general favored the 
conditions the sealers, fairly high moisture content but 
aeration; while the factors more directly concerned with deterioration were 
apparently favored aeration the sacks. Both sets samples were stored 
the same laboratory, temperature effects should have been similar. 

The results reported Sullivan al. (18) suggest that the smaller amounts 
fatty acids liberated the flours stored sacks may have been rapidly 
oxidized, while the larger amounts liberated some the flours stored 
sealers were not. The amount acid the sealer-stored Fallis I-28-60 was 
equal the flour, all the acid was made fatty acids. The 
effect freshly mixed unsaturated fatty acids added flour the 
loaf volume the bread produced was comparatively small, but the effect 
the same acids exposed oxygen for seven days was quite marked (18). 
This suggests that small quantity oxidized fatty acids might more 
deleterious baking quality than much larger quantity unoxidized 
unsaturated fatty acids. The differences behavior different samples 
stored under the same conditions may have been due differences the 
fatty acids present differences the amount and nature substances 
which act catalysts and inhibitors oxidation. 

The results for the 1932 series are included Table III, but they were 
less value indicating deterioration than were acidities. This deter- 
mination was made the 1933 series, but the results are not presented since 
they had value appraising either quality deterioration. 


Lipoids 
The results protein and lipoid determinations representative flours 
the 1933 series are presented Table 
TABLE 
PROTEIN AND LIPOID CONTENT FRESH AND STORED FLOURS, 1933 SERIES 


hei exicact Alcohol-ether 


Ether extract, Alcohol-ether extract 
Protein % extract, % 
9g Protein Protein 


40 


Fresh | Stored* | Fresh | Stored*| Fresh | Stored*| Fresh | Stored* 


Huron Edmonton 15.1 1.10 1.18 1.50 1.44 0.073 0.078 0.099 0.095 
Huron Fallis 10.4 1.18 0.92 1.60 1.34 0.113 0.086 0.154 0.127 
Red Bobs Edmonton 14.7 1.14 1.16 1.60 1.34 0.078 0.079 0.109 0.091 
Red Bobs Fallis 10.6 1.16 0.90 1.74 1.26 0.109 0.085 0.164 0.114 
Canus Fallis 10.9 1.26 0.88 1.54 1.54 0.116 0.081 0.141 0.141 
Garnet Edmonton 14.1 1.10 0.98 232 1.36 0.078 0.070 0.108 0.096 
T 28-60 Edmonton 15.0 1.16 0.88 1.22 1.00 0.077 0.059 0.081 0.067 


Stored sacks. 
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There were only slight differences the ether extracts fresh flours, but 
decided decrease took place with deterioration. Aging the flour that 
did not deteriorate did not, however, appear affect the amount ether 
extract. Various workers have studied the changes that take place the 
amount lipoidal materials during storage (9, 17), but account decreases 
large those reported here have been found the literature. 

The effect storage the quantity alcohol-ether extract was not 
uniform. Fallis-grown Canus deteriorated, but the amount this extract 
remained constant, while Edmonton-grown Red Bobs did not deteriorate, 
but the extract decreased. The decrease most the samples must have 
been related the changes that took place the lipoidal constituents, some 
the products the changes becoming insoluble. 

Sullivan and Near (17) have suggested the lipoid protein ratio wheat 
index quality. Whether the same suggestion might apply flours 
not stated, but this series the values for fresh flours give little information 
quality not already given protein values alone. The higher values 
for the Fallis samples were due principally the lower protein content, since 
both the ether and alcohol-ether extracts were only slightly higher than for 
corresponding Edmonton samples. The decrease the extract most 
the deteriorated samples reduced the lipoid-protein ratio, and should have 
indicated higher quality the terms the Sullivan and Near suggestion. 
Obviously the suggestion was not meant cover such situation, but 
equally obvious that deterioration entered factor determining quality, 
the lipoid-protein ratio flour would unsatisfactory index. 

The alcohol-ether extracted flour was further extracted with 90% alcohol 
plus 10% aqueous ammonia 70° C., using modification the method 
Sullivan and Near (16) for gluten. Irregular results with poor agreement 
among replicates were obtained. solution removed considerable protein 
from the flour, and re-extraction the extract with chloroform failed 
remove all the non-lipoidal material. The hot alcohol-ammonia removed 
much more lipoidal and accompanying substances from fresh flours did 
the original alcohol-ether solution. The extract stored flour was much 
50% lower than that the comparable fresh flour, but deterioration 
appeared have little effect the changes which took place. Despite the 
fact that the method not accurate the other extraction methods, the 
results suggest that decrease the less soluble lipoidal constituents takes 
place with storage. 


Gluten Quality 
The study the physical properties gluten means estimating the 


degree aging deterioration flours has received considerable attention 
Kozmin (11, 12, 13) and her co-workers The physical properties 
the glutens were directly related the quality the fiours both the 
1932 and the 1933 series after storage (Tables III and IV), although there 
were relatively small variations gluten quality fresh flours. The changes 
gluten quality during storage afforded good measure deterioration 
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the flours. Fresh and non-deteriorated stored flours yielded glutens with 
good elasticity and extensibility, while deteriorated flours produced glutens 
that were harsh, spongy and short. the moisture content the glutens 
decreased (Table the quality the gluten became (12) 
has concluded that the changes the glutens during aging are caused 
increased concentrations unsaturated fatty acids. Glutens the deterior- 
ated type are certainly obtained when such acids are added flours, but the 
characteristic decrease baking quality not (Table The enormous 
increase acidity due the direct addition unsaturated fatty acids was 
only slightly reflected decreased baking quality. The change acidity 
the Fallis-grown sample during storage had little effect baking 
quality, but definite effect the gluten. Despite the much smaller increase 
acidity the two other samples listed Table VI, the effect aging 
both baking and gluten quality was much greater than with I-28-60. Fatty 
acid accumulation cannot considered the only, even the principal, 
cause deterioration. This conclusion was also reached Sullivan al. (18). 

The effect increased acidity the washing solution the moisture 
content the gluten obtained shown Fig. The quality the glutens 
obtained the lower values was superior, but the quality those from 
deteriorated flours was relatively poor even when the was low 4.0. 
Washing 3.5 resulted dispersion the gluten from deteriorated 
flour, while that from non-deteriorated could recovered decreased 
amounts only with difficulty. That the moisture holding capacity the 
glutens was related quality and not origin indicated the two points 
for Fallis-grown Supreme which fall near those for Edmonton-grown Red 
Bobs and Early Triumph, and the two points for Edmonton-grown S-28-2 
which fall between those for Fallis-grown Red Bobs and Early Triumph. 
There seems question that flour deteriorates, the imbibitional 
capacity the gluten, under specific conditions, decreases. 

Aside from the immediate problem the fact that the moisture content 
the gluten washed from each the two deteriorated samples increased 
7.5, while that each the non-deteriorated samples 
suggests some difference the nature the glutens the two types flour; 
this problem being further studied. 

Perhaps the best evidence definite change the physical properties 
the gluten from deteriorated flour was obtained from solubility studies. 
Rose and Cook (15) obtained complete dispersion wet gluten good 
quality 10% sodium salicylate approximately three hours. The glutens 
from fresh and undeteriorated stored flours dispersed readily sodium 
salicylate and produced viscous, semi-opaque dispersions with 
particles remaining. The gluten from deteriorated flour could not com- 
pletely dispersed, regardless the length time used, but broke into fine 
particles which settled the bottom the comparatively transparent dis- 
persion low viscosity. Not more than 60% the protein some the 
samples gluten was dispersed five hours. The nature the portions 
the gluten dispersed has not yet been determined. 
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the flours. Fresh and non-deteriorated stored flours yielded glutens with 
good elasticity and extensibility, while deteriorated flours produced glutens 
that were harsh, spongy and short. the moisture content the glutens 
decreased (Table the quality the gluten became poorer. Kozmin (12) 
has concluded that the changes the glutens during aging are caused 
increased concentrations unsaturated fatty the deterior- 
ated type are certainly obtained when such acids are added flours, but the 
characteristic decrease baking quality not (Table The enormous 
increase acidity due the direct addition unsaturated fatty acids was 
only slightly reflected decreased baking quality. The change acidity 
the Fallis-grown sample during storage had little effect baking 
quality, but definite effect the gluten. Despite the much smaller increase 
acidity the two other samples listed Table VI, the effect aging 
both baking and gluten quality was much greater than with I-28-60. Fatty 
acid accumulation cannot considered the only, even the principal, 
cause deterioration. This conclusion was also reached Sullivan al. (18). 

The effect increased acidity the washing solution the moisture 
content the gluten obtained shown Fig. The quality the glutens 
obtained the lower values was superior, but the quality those from 
deteriorated flours was relatively poor even when the was low 4.0. 
Washing 3.5 resulted dispersion the gluten from deteriorated 
flour, while that from non-deteriorated could recovered decreased 
amounts only with difficulty. That the moisture holding capacity the 
glutens was related quality and not origin indicated the two points 
for Supreme which fall near those for Edmonton-grown Red 
Bobs and Early Triumph, and the two points for Edmonton-grown S-28-2 
which fall between those for Fallis-grown Red Bobs and Early Triumph. 
There seems question that flour deteriorates, the imbibitional 
capacity the gluten, under specific conditions, decreases. 

Aside from the immediate problem the fact that the moisture content 
the gluten washed from each the two deteriorated samples increased 
7.5, while that each the non-deteriorated samples 
suggests some difference the nature the glutens the two types flour; 
this problem being further studied. 

Perhaps the best evidence definite change the physical properties 
the gluten from deteriorated flour was obtained from solubility studies. 
Rose and Cook (15) obtained complete dispersion wet gluten good 
quality 10% sodium salicylate approximately three hours. 
from fresh and undeteriorated stored flours dispersed readily 10% sodium 
salicylate and produced viscous, semi-opaque dispersions with 
particles remaining. The gluten from deteriorated flour could not com- 
pletely dispersed, regardless the length time used, but broke into fine 
particles which settled the bottom the comparatively transparent dis- 
persion low viscosity. Not more than the protein some the 
samples gluten was dispersed five hours. The nature the portions 
the gluten dispersed has not yet been determined. 
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WASHING SOLUTION 


Finely ground wheat germ was added rates and 10% the dete- 
riorated flour before the gluten was washed out. The glutens obtained from 
flours treated this way were much more extensible and softer, and could 
completely dispersed sodium salicylate. When 10% the ground germ 
was added fresh flour, the gluten obtained could dispersed short 
time minutes. 

Extraction the germ with hot alcohol removed most the beneficial 
effects, the gluten from the deteriorated flour and alcohol-extracted germ 
mixtures being tough, short, and not completely dispersible. Extraction 
the germ with ether removed almost the total lipoidal constituents, 
but actually increased the beneficial effect the germ when added 
deteriorated flour. must concluded that occurs the germ fraction 
effective improving gluten quality insoluble ether but soluble hot 
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alcohol. The improvement resulting from ether extraction was probably 
directly due the removal fatty acids from the germ. Ether extraction 
the deteriorated flour itself improved gluten quality, probably for the same 
reason. 

The effects ether, acetone, alcohol-ether and alcohol extraction high 
grade flour from Reward wheat indicated gluten quality are recorded 
Table VII. While the glutens from ether- acetone-extracted flours 


TABLE VII 


THE EFFECT OF EXTRACTION OF FLOUR BY VARIOUS SOLVENTS, AND ADDITION OF GERM, ON 
GLUTEN QUALITY 


Dispersion 


Extraction Addition Gluten quality 10% sodium 
salicylate 
Control Control Very good Complete 
Ether Control Very good Complete 
Acetone Control Good (very firm) Complete 
Alcohol-ether Control Poor Incomplete 
Alcohol Control Very poor Incomplete 
Control 10% germ Fairly good (soft) Complete 
Ether 10% germ Good Complete 
Acetone 10% germ Good Complete 
Alcohol-ether 10% germ Fair Complete 
Alcohol 10% germ Fair Complete 


were good quality and dispersed completely sodium salicylate, those from 
alcohol-ether- and alcohol-extracted flours appeared every way like glutens 
from deteriorated flour. Merely subjecting flour alcohol wetting, without 
removing the extract, has deleterious effect gluten. might therefore 
argued that the effect the alcohol extractions was due alcohol denatur- 
ation rather than removal the alcohol-soluble lipoids. this were so, 
difficult explain why the lipoidal substances added the form 
germ partially restored the other physical properties, and entirely restored 
the solubility the gluten. 

The effects fatty acids some the physical properties gluten have 
already been discussed. Glutens obtained from flours which oleic linolic 
acid had been added could not completely dispersed sodium salicylate. 
The detrimertal effects fatty acids could largely overcome adding 
germ, addition the fatty acids, the flour before washing. results 
indicate that lipoidal substances are adsorbed the protein, and that there 
competition adsorption among the various lipoidal compounds present. 
The deleterious effect fatty acids can overcome the addition fairly 
large quantities lipoids which improve quality, while the beneficial effects 
the latter can overcome the addition relatively large amounts 
fatty acids. The difference effect fatty acids baking and gluten 
quality may related this competition effect, the action the acids being 
depressed under the conditions the baking test, but favored under gluten 
washing conditions. 
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The effect germ and extracts baking quality somewhat different 
from the effect gluten quality, but that germ has definite improving 
effect deteriorated flour evident (Table VIII). The loaves baked from 

TABLE VIII 
EFFECT OF GERM AND EXTRACTS ON THE BAKING QUALITYT OF FLOUR 


Loaf Effect 
Flour sample Addition volume, 
addition* texture 
Fresh Control 760 
Fresh, ether extracted Control 710 
Aged Control 480 
Aged, ether extracted Control 530 6.5 
Fresh fresh germ 656 
Fresh, ether extracted fresh germ 500 
Aged fresh germ 650 
Aged, ether extracted fresh germ 484 4.5 
Fresh {Extract from gm. 784 
Fresh, ether extracted 700 
Aged, ether extracted 556 
Fresh from 100 816 6.5 
Fresh, ether extracted gm. fresh flour** 736 
Aged 536 
Aged, ether extracted 616 6.5 


Malt-phosphate-bromate formula. 
Unit statistical significant difference cc. 
Germ and flour extracted with alcohol; extract re-extracted with ether. Added ether solution. 


the fresh and the deteriorated flours which fresh germ had been added 
were alike all respects, the germ having decreased loaf volume and injured 
the texture the fresh flour, but markedly increased the loaf volume the 
deteriorated flour. Sullivan al. (18) obtained decrease nearly 
loaf volume the replacement 10°% fresh flour fresh germ, but 
did not add deteriorated flour. They conclude that the deleterious effect 
germ due some non-lipoidal substance seems likely, therefore, 
that the present experiment, the loaf volume obtained with the two flours 
equilibrium value, the injurious constituents reducing the volume the 
bread from the original flour the same point the strengthening effect 
the other constituents increases the volume the bread from the deterior- 
ated flour. This improving effect germ deteriorated flour has been 
obtained with large number different samples. 

The effects germ extracted flours are quite different from the effects 
just discussed. Not only did germ fail improve the quality aged flour, 
but depressed the quality the fresh flour the same extent did dete- 
rioration aging. explanation can offered the present time. 

While the fact that the flour extract was beneficial and the germ extract was 
not (Table VIII) agreement with the results Sullivan al. (18), the 
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original quality the deteriorated flour could not restored the addition 
such extracts. The effect was definitely increased ether extraction 
the deteriorated flour, and this also agreement with results. 
Two factors importance must recognized the discussion these 
differences. 

the first place, deterioration measured loaf volume decrease had 
proceeded much further the flours used the present study than that 
discussed Sullivan. There question but that much the disagree- 
ment results obtained studies such this may attributed inherent 
differences the material studied. The reduction loaf volume Sullivan’s 
aged sample was only while that the sample used the present study 
was extraction Sullivan’s sample further decreased 
volume, but significantly increased that our sample. Scattered but ex- 
tensive studies ether extraction have led the writers the conclusion that 
the extraction high quality flour, from hard red spring wheat least, 
invariably results decreased loaf volume; but that the extraction badly 
deteriorated flour results improvement. few instances have been noted 
where effect has been obtained with flours which were less severely dete- 
riorated. seems possible that the flours from different types wheat 
might behave differently, and these differences account for such disagree- 


ment reported Sullivan. 

the second place, the method preparing the used 
Sullivan not discussed. The writers have already indicated their belief 
that the ether-insoluble, alcohol-soluble fraction the lipoids responsible 
for the beneficial effects germ, and this extended include flour also. 
Efforts demonstrate this directly have been only partially successful. 
This fraction cannot added flour alcoholic solution, since the alcohol 
definitely injures gluten quality. The preparation the fraction such 
form that can added without solvent very difficult, and far 
have been unsuccessful preparing extract that again completely 
soluble after the alcohol has been removed. probable that the study 
here reported the extracts used contained only small portion the im- 
portant lipoid fraction. This problem being further investigated, and 
believed vital importance the role lipoidal compounds deter- 
mining flour and gluten quality definitely established. 


Discussion 

spite the difficulties devising experiments prove conclusively 
that, considerable extent, gluten owes its unique physical properties 
the presence lipoids complex with the protein, the writers believe 
this The various results presented this paper appear justify 
the conclusion that the more insoluble lipoidal constituents flour are 
essential for the formation and maintenance the characteristic dough and 
gluten structure found with wheat flour. Such conclusion neither new 
nor original. Working (20) 1924 suggested the possible importance 
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lipoids determining gluten quality. The general question the validity 
conclusions regarding the physical properties proteins based results 
obtained with purified preparations has been raised several investigators 
(10, 401). believed, however, that the evidence presented this 
paper more definite and extensive than has previously been published. 

The study this problem complicated the fact that the break- 
down, either the protein-lipoid complex, the lipoids themselves, 
involves two changes; first the change the original material due the 
breakdown; and second, the change resulting from the accumulation 
breakdown products. Kozmin (11, 12) concluded that the latter was the 
important factor, since the addition unsaturated fatty acids, which are 
certainly among the breakdown products, caused characteristic deterioration 
the gluten, and their removal restored the original quality. Sullivan 
al. (18) disagreed with this, and held that the breakdown products must 
removed and the replaced. From the present study, the writers 
are the opinion that even this explanation too simple, and that the 
effects deterioration can overcome only the protein-lipoid complex 
can restored its original form. not believed that this can accom- 
plished simply Sullivan’s results indicate, deterioration has proceeded 
far the samples used the present study. 

The proof this belief depends upon the possibility restoring the quality 
flour from which the important lipoids have been removed, which 
they have been altered the point which the characteristic properties 
the gluten are longer apparent. The alteration removal may accom- 
plished either natural deterioration extraction. the first case 
must demonstrated that the lipoids have been altered removed. The 
restoration quality after the naturally occurring lipoids have been removed 
from effective participation likely prove very difficult, even the theory 
were correct. 

Alcohol the only solvent with which condition resembling deterioration 
has been brought about; but since mere alcohol wetting causes the condition 
arise, would appear that not the removal the lipoids, but the 
alcohol treatment, that important. Alcohol wetting may have the same 
essential effect alcohol extraction, however, since probably the breaking 
adsorption complex, rather than the removal the lipoids from the 
flour, which causes deterioration. the breaking the complex, the lipoids 
involved may altered such extent that reunion cannot take place 
after the alcohol has been removed. would explain why the more 
insoluble lipoids added germ tend restore quality, but the same lipoids 
added extracts not. alcohol wetting flour alters the flour lipoids, 
alcohol extraction the germ would alter the comparable 
Some method must devised which unaltered lipoidal compounds can 
added extracted naturally deteriorated flour. The use carefully 
prepared individual compounds offers perhaps the best method attack, 
but whether any the compounds available are those occurring the gluten 
complex open question. 
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The question whether alcohol extraction and alcohol denaturation are 
essentially the same effect has already been raised. the characteristic 
properties natural gluten can restored the addition lipoidal com- 
pounds alcohol extracted flour, the denaturation must due lipoid 
removal. Denaturation has been studied chiefly solubility decrease, and 
solubility were restored, denaturation must considered counteracted. 
quite conceivable that the same consideration might extended other 
forms denaturation, such that caused heat (5). Geddes (8) has 
shown that heat treatment germ has definite effect the lipoids germ. 
not suggested that gluten protein denaturation necessarily altogether 
result changes the protein-lipoid complex, but believed that the 
possible importance this factor should not overlooked. any case, 
the gluten protein substance, and the lipoids im- 
purities, longer justifiable. 
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LABORATORY MALTING. EQUIPMENT! 


ANSEL ANDERSON? 


Abstract 


laboratory malting plant described which consists duplicate steep 
tanks, germination chambers and kilns, each having capacity eight 350-gm. 
samples. The two steep tanks are equipped independently with immersion 
heaters and thermoregulators and are cooled continuous flow water from 
thermostatically controlled supply tank. The two germination chambers are 
controlled independent air-conditioning units. The kilns are electrically 
heated, the controls being adapted give either stepwise continuously rising 
temperatures. The malt both germinators and kilns rotated continuously 
cylindrical cages. Duplicate sets equipment were built order make 
possible simultaneous study different malting procedures. The equipment 
discussed the light one year’s experience with and various improvements 
are suggested. 

Introduction 

Laboratory equipment for malting number small samples barley 
under uniform conditions was described Harrison and Rowland (4) and 
these authors must the credit for conceiving the idea carrying out 
large numbers routine malting tests the laboratory. Their equipment 
was installed the University Manitoba 1927 but publication 
description was delayed until two years later three malting 
laboratories were established the United States, the Universities 
Wisconsin (3) and Minnesota (5) and the Department Agriculture 
Washington (2). The laboratory malting test thus gaining firm foothold 
this continent and natural development takes place may well find 
wide use the study barley the baking test has found the study 
wheat. 

The equipment the University Manitoba has been used each year for 
testing samples barley produced Canadian investigators. the work 
was expanded, and with the increasing use statistical methods for the 
analyses the data obtained, became apparent that the test was not 
sufficiently precise for many purposes. the request the National Barley 
Committee, investigations designed develop equipment and methods for 
more precise routine malting test were therefore undertaken the National 
Research Laboratories. 

Experience obtained the University Manitoba has already shown that 
the sample for the routine malting test should kept small possible. 
the past the test has been used Canada for two main purposes: (a) com- 
parison the malting qualities varieties; (b) testing samples produced 
investigations environmental effects malting quality, including the 
effects cultural practices and fertilizers, and studies designed outline 
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more closely the most promising malting barley areas Canada. For 
both purposes test which can made duplicate with sample less 
than 1000 gm. advantageous since these samples can produced the 
relatively small plots which are used such advantage modern field 
investigations. Small samples also make possible use smaller malting 
equipment which the problem space variations conditions can 
more easily solved and which should therefore possible make more 
precise malting tests. 

probable, the other hand, that small samples create difficulties 
malting. seems safe assume that the larger the sample used the 
laboratory malting equipment, the more closely can the conditions the 
commercial plant reproduced, and the more closely will the resulting malt 
resemble commercial malt. the other hand, probably enough that 
the malting test should estimate the quality sample compared that 
standard sample malted under the same conditions. Indeed doubtful 
whether any other sort malting test can used routine work. The 
maltster attempts malt each lot barley the best advantage and varies 
the malting conditions meet the requirements the barley. Such 
variation conditions not, general, permissible scientific investigations, 
since used then becomes impossible say whether the test measures 
the malting quality the samples the ability the investigator malt 
them. variation conditions suit the sample only permissible when 
standard condition for all samples can set beforehand, and when the 
malting process required bring the samples the required condition can 
determined objective method. Steeping affords good illustration 
this point. not necessary the routine test steep all barley for 
the same length time. can decided beforehand that all samples 
should have the same moisture content the end the steeping period, 
say 44%, and pilot steeping tests can used objective method 
determining the length time required bring each sample the required 
moisture content. seems doubtful, however, whether similar methods can 
developed for deciding what ways germination and kilning procedures 
can modified suit individual samples. 

Under these conditions apparent that the laboratory test need not ape 
commercial practice. The test must comparative rather than absolute, 
and the problem developing mainly that devising equipment for 
steeping, germinating and kilning under closely controlled conditions. 
still remains shown that the results tests this sort are practical 
value; short, that they provide true measure the inherent malting 
qualities the barley. 

Since the known advantages using small samples seemed outweigh 
the possible advantages using larger ones, the new equipment for the 
National Research Laboratories was built accommodate 350-gm. samples, 
size which provides ample malt for all useful determinations which can 
made conveniently routine scale. facilitate changes suggested 
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experience, the units were built such way that parts could readily 
modified without the necessity rebuilding the whole unit. the attempt 
provide for all contingencies which could foreseen, the equipment was 
made more complex than may necessary, and certain parts have not 
yet been used any considerable extent. 

Before designing the equipment, visits were made the malting laboratories 
the Universities Manitoba, Minnesota and Wisconsin, order study 
the existing laboratory plants. Plans for new equipment were also discussed 
with practical maltsters. The information and advice obtained this way 
were inestimable value, and the new equipment which was subsequently 
designed incorporates those features other laboratory plants which seemed 
most useful. 

The new plant has now been operation for about year, and although 
further development equipment and method anticipated, seems wise 
publish description order that subsequent papers investigations 
made with may intelligible. Moreover, since the laboratory malting 
test still its infancy, and since expected that new plants will 
built other laboratories, seems advisable make available, for the 
use others, information laboratory malting equipment which differs 
many respects from that already described the literature. 


Equipment 
The malting equipment consists duplicate steep tanks, germination 
chambers and kilns. Each unit has capacity eight 350-gm. samples and 
provided with independent controls. Duplicate sets equipment were 
built order make possible simultaneous study different malting pro- 


cedures. 


Steep Tanks 


Drawings the two steep tanks and their common water-supply tank are 
shown Fig. and part the equipment appears the left-hand side 
Fig. diagram the control system shown the left-hand side 
Fig. 

The steep tanks are cooled continuous flow water from the supply 
tank which maintained temperature lower than that required for 
steeping. Independent control for each steep tank obtained heating 
back with immersion heater (Figs. and controlled bimetallic 
thermoregulator 

The supply tank cooled evaporator coil connected H.P. 
household type compressor which also provides the refrigeration for the 
germination chambers. The temperature the water controlled non- 
indicating commercial type electrical controller with liquid filled bulb 
When the temperature rises mercury switch (Fig. the controller 
closes circuit which opens solenoid valve the suction line from the 
evaporator and the automatic pressure switch, with which household 
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FRONT ELEVATION 


SIDE ELEVATION 
Drawing steep tanks. 


Fic. Diagram control systems for steep tanks and germination chambers. 
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compressor normally provided, starts the compressor motor. The com- 
pressor operates until the temperature falls sufficiently complete the cycle 
opening the mercury switch, thus closing the solenoid valve and stopping 
the compressor. The temperature the steep tank fluctuates +0.5°F. 
about mean value which can set within +0.3° 

All three tanks are made galvanized iron and are insulated with cork, 
applied with asphalt, and enclosed birch boxes. addition 
the equipment already mentioned, the supply tank provided with water 
inlet and float valve (Fig. 1), supply line for the steep tanks over- 
flow pipe stirrer and armored thermometer Each steep tank 
also provided with stirrer and removable overflow pipe and drain 


Germination Chambers 

photograph the twin germination chambers and their individual air- 
conditioning units shown Fig. drawing cross-section one 
chamber and unit appears Fig. and diagram the control system 
shown the right-hand side Fig. 

Both chambers and air-conditioning units are built with galvanized iron 
inner case surrounded in. cork, applied with molten asphalt, and enclosed 
outer case galvanized iron. The inside walls are painted with asphal- 
tum paint. The ducts are also made galvanized iron and are insulated 
with in. wool felt. 


Germination chambers. 
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Each germination chamber provided with revolving framework 
(Fig. which holds eight cylindrical malt cages, in. diameter and in. 
long. The shafts for the two chambers are joined flexible coupling and 
are driven chain and sprocket drive, reducing gear and electric 
motor, (see also Fig. 3). Three-step pulleys the reducing gear and 
motor provide for speeds one revolution 20, and min. baffle 
plate the shape low pyramid, made 14-mesh bronze wire and with 
in. metal top, supported just below the air-supply duct the top 
the chamber and serves distribute the air flow. The temperature control 
bulb installed horizontally across the chamber just above the baffle plate. 

The chambers were built for revolving cages but they can also used for 
stationary cages since the revolving parts are removable and brackets have 
been provided have yet been made with stationary 
cages. 

centrifugal fan having capacity about c.f.m. circulates air con- 
tinuously through the chamber and its air-conditioning unit. The air 
drawn out the bottom the chamber, passes into spray chamber 
the bottom the unit, which cooled and humidified, and then through 
eliminator plates which remove entrained water. then returned 
the top the chamber. air-inlet the lower duct allows small 
amount fresh air bled into the system continuously. The spray 


Fic. Cross section through air-conditioning unit and germination chamber. 
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created four rapidly revolving discs which are partially immersed 
water tank. The spray rotor shafts the two air-conditioning units are 
connected flexible coupling and are driven one motor. The same 
system used for driving the two fans. 

The temperature the chamber controlled commercial type indi- 
cating electrical controller with sensitive capillary bulb 
(Figs. and control system identical with that the water- 
supply tank. When the temperature rises mercury switch the controller 
closes circuit which opens solenoid valve the suction line from 
evaporator coil immersed the spray tank the bottom the air- 
conditioning unit. The compressor starts automatically and the temperature 
the spray and the air passing through drops until the cycle com- 
pleted activation the controller. ordinary room temperatures, the 
cycle completed min., during which time the compressor runs for 


about min. 

When the room temperature remains reasonably constant, the temperature 
the air entering the germination chamber fluctuates +0.5° and that 
the air leaving the chamber fluctuates +0.2°F. The control instrument 
has open scale and setting tolerance about The mean tem- 
perature the chamber can maintained within +0.15° the set 
temperature. 

The upper duct constricted for short distance (Fig. provide 
air flow linear feet per sec., thus making possible measure the 
humidity the air with wet and dry bulb thermometers. the better 
the two units, the relative humidity the air leaving the conditioning unit 
about 95%. there rise 1.5° F., depending the room 
temperature, between the point which the humidity measured and the 
chamber outlet, the mean relative humidity the chamber less than 90%. 
the second chamber the relative humidity about lower, presumably 
because air leak which has been impossible find. 


addition the equipment already mentioned, the conditioner provided 
with water supply line controlled external float valve overflow 
pipe drain armored thermometer immersion heater re- 
heating units section for the bulb control instrument, baffles 
protect the bulb from heat radiations, and by-pass. 


Certain parts the air-conditioning units are not being used the present 
time, but seems wise show them the drawings since they may used 
later investigations. The immersion heater the bottom the unit 
was provided for obtaining more precise control temperature alternate 
heating and cooling the spray water, but sufficiently precise control has 
been obtained without the use this system. The by-pass was installed 
for the same reason but has been found that higher humidities and precise 
control the temperature can obtained when all the air passed through 
the The heating units the top the conditioner were installed 
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provide method obtaining lower humidities such might required 
for withering the green malt the end the germination period. Experi- 
ments with this procedure have not yet been undertaken. 


Kilns 
photograph the twin kilns shown Fig. and drawing cross 
section through one them shown Fig. 


kiln consists galvanized iron inner case and partitions, surrounded 
in. asbestos board and in. Ten-Test, the whole being supported 
angle-iron framework. The inside the kiln divided into three parts, 
heating chamber, air-distribution chamber and drying chamber. ‘The 
heating chamber consists in. chimney, located centrally the back 
the kiln, containing four 100-watt fin-strip heating elements (Fig. 6). 
double opening centrifugal fan below the heating elements, draws air 
past them and blows into the air-distribution chamber from which 
escapes through eight one-inch pipes which direct onto the malt. Inside 
the drying chamber there revolving framework which holds eight samples 
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malt contained cylindrical wire-mesh cages. The air passes back from 
the top the drying chamber the top the heating chamber, through 
wire-mesh screen 


hinged lid provided the top the drying chamber for inserting 
and removing the malt cages. removable panel the back the kiln 
gives access the heating elements and similar panel provided the 
front the kiln for withdrawing the tray from the bottom the drying 
chamber. 


The fan has capacity about The fan shafts for the two kilns 
are joined flexible coupling and are driven the same motor. similar 
arrangement used for driving the rotating frames. chain and sprocket 
drive and reducing gear with three-step pulley provide for rotation rates 
one revolution 2.5 1.25 min. 


circular duct in. diameter, the centre the top the heating 
chamber allows fresh air enter the kiln. About one-fifth the air bled 
out the kiln for each revolution the air means in. pipe 
located the side the air-distribution box. 


Two methods temperature control have been used. first involves 
the use four bimetallic thermoregulators placed the return air duct 
the top the kiln, giving stepwise control four stages. The second 
method gives any desired time-temperature schedule. consists 12-in. 
disc type recording thermometer, with 48-hr. clock, modified according 
the directions Binnington and 
perature controller (see top right- 
hand corner, Fig. 5). diagram 
the control system shown 
Fig. The pen arm (Fig. 7), 
which has been cut and insulated, 
operates through relay and 
turns the heating element and 
off running and off copper 
surface applied toa celluloid 
The outer edge the copper follows 
the time-temperature schedule for 
the kiln. the temperature rises, 
additional heating elements can 
turned automatically means 
reverse-acting bimetallic thermo- 
regulators The control bulb 
inserted into the air-distribution 
chamber the kiln through pipe 
and coupling Fic. Diagram control system for one kiln. 
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Malting Method 

The steep tanks were designed hold eight wire-mesh cages, in. indiameter 
and in. tall. Experiments soon showed that steeping this type cage 
running water was not satisfactory. The amount oxygen supplied the 
water was excessive, with the result that the barley ‘‘chipped” the steep, 
and vigorous growth started too rapidly. now the practice steep 
the barley closed quart sealers. The samples are aerated once day 
draining off the water and allowing the sealers float the tank for one 
hour before refilling them with fresh water. 

For the first eight hours the germination chamber the samples are held 
cylindrical wire-mesh cages order allow the adhering water evaporate. 
The samples are then transferred cylindrical galvanized iron cans with 
eight in. holes, four the lid and four the bottom. The samples are 
watered hr. after being put into the germination chamber. 120 hr. 
the samples are put back the wire-mesh cages permit some withering 
take place. The germination process terminated 144 hr. 

During the whole the germination period the samples are rotated con- 
tinuously rate one revolution min. The temperature the 
chamber maintained about below the highest temperature the malt 
required reach. Owing the heat generated during growth, the tem- 
perature the malt rises steadily until about the end the fifth day when 
starts fall growth and modification have been obtained with 
chamber temperature 54° 

The samples their wire-mesh cages are transferred the kiln which 
they are rotated continuously rate one revolution min. Various 
time-temperature schedules have been adopted for kilning. making small 
variations the temperature various stages drying, kiln-dry malt, 
having moisture content about can obtained any required time 
between and hr. 

When the kiln was designed seemed probable that most the roots would 
rubbed off during kilning. has shown, however, that the loss 
roots during kilning almost negligible and thus estimate the malting 
loss due root growth can obtained for each sample. 

The kilned malt polished kneading hand small sack and the 
roots are subsequently removed sifting. 


Discussion 

Experiments have shown that steeping the barley running water under 
conditions which the proportion water barley very much larger 
than commercial plants, not satisfactory. For this reason the 
design the present steep tanks cannot considered good. far larger 
amount refrigeration and water used keep the tanks cool than would 
required they were redesigned. Those who contemplate building new 
equipment might well consider the advisability building the evaporator 
into the steep tank, providing float valve keep the water level constant, 
and making only that water which periodically drained from the samples. 
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seems possible that higher relative humidities might beneficial the 
germination chambers. The use cages having only eight small holes 
prevents loss moisture evaporation almost entirely, while permitting 
sufficient interchange air keep the carbon dioxide content the air 
the cages from becoming limiting factor for growth. must admitted, 
however, that this method restricting evaporation has its disadvantages. 
The temperature the actively growing malt rises several degrees above 
that the air outside the cages. While the malt temperatures thus follow 
similar course those obtained commercial plants, apparent that 
accurate control temperature, humidity and carbon dioxide content the 
air the cages not obtained. Whether precise and independent control 
these factors will required for satisfactory malting test remains 
investigated. 

The insufficiently high humidities the chamber are result the design 
the equipment. The main heat load that resulting from heat leakage 
into the chamber from the room. This load must taken care the 
same system that humidifies the air. Thus the temperature the spray 
water lower than that required the chamber extent which depend- 
ent upon the room temperature. Since the temperature the spray deter- 
mines the dew point the air leaving and since temperature increase 
occurs between the spray and the chamber, the relative humidity the air 
the chamber cannot maintained close the saturation point. The 
difficulty could overcome using separate cooling system take care 
the heat leakage from the room. appears that this might best done 
making double-walled chambers and installing auxiliary cooling coils between 
the walls. 

Higher relative humidities could also obtained building the air 
conditioner and chamber one unit that less temperature rise would 
occur between spray and chamber. Although this point was apparent when 
the present equipment was designed, the advantage being able use 
different types chamber with the same air-conditioning unit seemed 
outweigh the possible advantage gain humidity resulting from building 
single unit which would have discarded entirely the germination 
chamber required modification. 

felt that sufficient experience has not yet been obtained with the kilns 
make adequate discussion them possible, but some observations seem 
permissible. The kilning method differs entirely from that used com- 
mercial plants, since only small part the air passing through the drying 
chamber passes through the malt. these circumstances recirculating 
system with for fresh air seems permissible. The 
keeps down the relative humidity the air, which one the factors 
drying efficiency. The fact that the air that has passed the malt enters the 
heating chamber again must not similar hypothetical 
use return air commercial kilns, because the condition this air both 
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with respect humidity and temperature not similar that the com- 
paratively smaller amount air which actually passes through the malt 


commercial kiln. 


The use continuously revolving cages lends itself uniform conditions 
drying for all samples and, owing the thorough mixing, for all parts 
each sample. Its disadvantage that the air does not actually pass through 
the malt but only over continually new exposed surfaces the sample. 
There some evidence that this method makes difficult obtain suffi- 
ciently rapid drying during the early stages kilning, with the result that 
excessive growth continues for short time the kiln and malting loss 
increased. 

The whole plant has been operation almost continuously, day and 
day out, foreight months. Nosamples have yet been lost through mechanical 
failure the equipment. the whole, appears that the plant satis- 
factory for the purpose for which was designed, namely, the development 
equipment and methods for routine laboratory malting test. 
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GENETICAL STUDIES MUTANTS THE PROGENY 
HEAT-TREATED 


Abstract 


Heat treatments were applied barley seeds and different mutant charac- 
chlorina and albino. Typical Mendelian ratios were not obtained the first 
segregating generation owing the small size the sector affected the genera- 
tion treatment. the second and third segregating generations, good fits were 
obtained all cases either monohybrid dihybrid ratios. Both and 
ratios were observed lines segregating for and albino characters. 
The postulation the duplicate factor hypothesis was necessary explain this 
situation. Chlorina and dwarf mutants segregated all the cases investigated 
simple Mendelian recessives. One virescent strain was believed have arisen 
through plastid mutation and was maternally inherited. 

The heat treatment significantly increased the natural mutation rate for the 
xantha characters but apparently had effect the albino mutation rate. 
Dwarf, virescent mutants were observed the segregating generation 
after heat treatment, but were not detected untreated populations. 


Introduction 

Previously reported experiments (7, consisting heat treatments 
dormant and germinating barley seed have demonstrated that many chromo- 
somal mutations were induced the root tips the young plants. These 
chromosomal mutations included fragmentation, translocation, interchange, 
deficiency, duplication, well doubling the whole chromosome com- 
plement. While was shown that many these abnormal nuclei were 
rapidly eliminated further plant development, was thought that certain 
these chromosomal mutations occurring the primordia the spikelets 
might survive through the gametophytic generation and influence character 
expression the next sporophytic generation. was also recognized that 
numerous recessive gene mutations, which would not detected until the 
segregating generation, could have been induced the heat treatment. 
The present paper therefore deals mainly with the evidences Mendelian 
segregation the progeny heat-treated plants. Cytological studies are 
also under way distinguish far possible between the plant mutants 
which were the result structural chromosomal changes (duplication, defi- 
ciency, translocation, etc.), and those which were the result gene mutations. 
These studies have not yet been completed. 

Although few data have been published the influence temperature 
the gene mutation rate, several investigators have dealt with the influence 
temperature the chromosomal mutation rate. Randolph (10) applied 
heat treatments the early zygotic divisions but found evidence that the 
high temperatures were effective causing gene mutations, although 
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obtained doubling the chromosome sets and chromosomal deficiencies and 
translocations. Navashin and Shkvarnikov (5) heat treated seed Crepis 
tectorum for 20, and days and obtained large number 
chromosomal translocations the root tips the plants which survived. 
The same authors more recent contribution (13) similar experiment 
conclude that temperature and moisture are the principal climatic factors 
which influence the chromosomal mutation rate. They also reported 
segregation albinos 369 plants the progeny one their heat- 
treated plants. Kirnossowa (4) studied the influence high temperature 
under controlled humidity conditions the chromosomal mutation rate 
Crepis tectorum and concluded that the habits and behavior the seedlings 
well the character chromosome mutations were similar those 
occurring after long storage seed under normal conditions. 


Methods 

Glass capsules were filled with approximately 300 seeds first generation 
registered O.A.C. barley Wiener’s strain, sealed prevent escape 
moisture, and put oven The treated seeds were sown flats, 
grown for three weeks the greenhouse, and then transplanted the field 
during the last week April, 1935. These plants were carefully observed 
during growth order that the occurrence any abnormalities might 
recorded. harvest time any plants that exhibited partial sterility were 
abnormal any respect were separated from the remainder determine 
whether their progeny exhibited higher frequency mutation. 

Segregation for heat-induced mutations occurred the immediate progeny 
the plants grown from the heat-treated seeds. The symbol has been 
used designate this generation, and subsequent generations were designated 
should noted that segregation occurs the generation 
contrast its occurrence the following hybridization. 

The seed was sown thickly greenhouse benches and was examined 
two weeks after seeding when the plants were about five inches high. 
this stage all the types mutants could detected. Any lines that did not 
possess mutant plants were immediately discarded and another lot plants 
sown. this manner was possible examine critically more than quarter 
million plants during the winter, utilizing only 140 square feet bench space. 

The test for goodness fit was applied the totals all the segregating 
lines each family given generation. order avoid the necessity 
recording the ratios and goodness fit for each line, the test homo- 
geneity was calculated. The fits were considered good all instances where 
the value was less than the point. 


Immediate Effects Heat Treatments Germination and 
Plant Development 


the first experiment, the effects heat treatments for 90, 
100, 105 and 110 minutes the rate and the percentage germination were 
shown Table and Fig. and seedling vigor were 
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TABLE 


PERCENTAGE GERMINATION AFTER HEAT TREATMENT AT 85°C. FOR DIFFERENT 
DURATIONS OF TREATMENT 


110 min. treatment 


gradually reduced with increasing duration treatment. the basis 
these results was decided adjust the period heating reduce the 
germinability 50%, but was found very difficult obtain con- 
sistent values spite careful control temperature. One lot heated 
seed (Lot was finally obtained which germinated 46% after 105 minutes’ 
treatment 85° and 1451 plants from this lot were used this experiment. 
addition 556 plants from Lot were used, but the germinability this 
lot was 82% spite being subjected 85° for 115 minutes. The data 
for treatments which the progeny was analyzed are shown Table II. 


TABLE 


IMMEDIATE EFFECTS OF HEAT TREATMENTS AND THE MUTANT LINES OBSERVED 
IN THE D, GENERATION 


Lot Lot 
Duration treatment 105 min. 115 min. 
Seeds treated 3630 680 
Germination 46% 82% 
Number plants grown 1451 556 
Number abnormal plants 
Number plants with partially sterile heads 222 
Number plants generation examined 227,651 5796 
Number lines segregating for chlorina 
Number lines segregating for albino 


Number lines segregating for 


spite the wide differences germinability between Lots and the 
percentages abnormal seedlings were similar, 4.9% Lot and 7.6% 
Lot one the abnormal seedlings (No. 232) only the first seedling leaf 
was normal, the remainder were light green. This abnormality was con- 
sidered the result plastid mutation, since subsequent generations 
this character seemed maternally inherited and all the progeny were 
affected. Three seedlings possessed white stripes the leaves. One 
these seedlings died; the other two appeared normal further development. 
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Two plants later stage developed leaves with broad yellow stripes 
shown Fig. The remainder the abnormal seedlings were smaller and 
less vigorous, and few the leaves were slightly darker green than normal 
and strongly curled. 


Stadler (14) observed yellow striping barley the generation treat- 
ment with X-rays and ascribed direct cytoplasmic effect the treat- 
ment. Imai (3) observed sporadic white and yellow striping barley and 
although stimulating gene was involved, the immediate changes were 
believed due plastid mutations. Imai also found the rate plastid 
exo-mutation was influenced the environment. The immediate occur- 
rence white and yellow striping after heat treatment this experiment 
therefore probably the result plastid mutations. However, the possibility 
striping being the result gene chromosomal mutations should not 
overlooked. Since the progeny plants that exhibited striping did not 
segregate for this character, can assumed that the plants were homozygous 
normal. Consequently, produce immediate genetic striping from heat 
treatments, gene mutations chromosome aberrations must have occurred 
simultaneously identical regions homologous chromosomes. Previous 
studies (8) have indicated how homologous deficiencies could induced 
heat treatment. Types somatic chromosome associations resulting 
from fracture and re-attachment chromatids have been seen; separation 
these would likely result homologous deficiencies. Therefore, genetic 
striping could arise such manner. 


was concluded that the majority abnormalities observed the gene- 
ration treatment were the direct effect the heat treatment plant 
development, rather than the result induced genetic mutations. The few 
cases chlorophyll deficiency observed were attributed plastid mutation. 


Segregation the Generation and Description Mutants 


Thirteen segregating lines were observed the generation. Four 
these segregated for character, one for one for chlorina, four 
for albino and three lines for three different types dwarfs. examination 
the ratios Table shows that only few approximate any Mendelian 
expectation. irregularity the ratios was undoubtedly the result 
variations size the heterozygous sector the generation treatment. 
The size the sector turn depends the stage development the 
embryo and the location the original mutant the Plants 346, 
24, 14, and 375, segregation occurred only the progeny one out four 
five spikes harvested from each plant. addition can shown that 
only small sector the spike was affected Plant situation made 
necessary determine Mendelian ratios the and generations. 

The descriptive terms used for the chlorophyll-deficient seedling types are 
those described Haan (1) and previously used Nilsson-Ehle (6), 
Hallquist (2), Robertson and Deming (12) and others. The albino seedlings 
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(Fig. are pure white and live only until the reserve food the endosperm 
exhausted. The xantha seedlings are deficient chlorophyll that 
they live only slightly longer than the albinos. seedlings are 
very pale yellow while seedlings are greenish yellow. Analysis 
leaf color the midpoint 
the blade with the Lovibond 
tintometer the 


TABLE III 


COLOR ANALYSIS OF NORMAL AND CHLOROPHYLL 
DEFICIENT BARLEY LEAVES WITH A LOVIBOND 


differences intensity the TINTOMETER 
blue and yellow components 
between the two xantha types Lovibond units 
(Table 

The chlorina mutants were Blue Yellow 
extremely variable vigor leaves 
content. (811-31-1) 9.5 


7.6 

0.9 

5.4 
3.6 
3.6 


three types. Type (14 Type 
lings were fairly vigorous. 
orina Type 
The leaves slightly 
lighter green than normal 
and many the first seedling leaves had white tips and bases. These seed- 
lings survived for two three months the greenhouse but never developed 
beyond the seedling stage. Type seedlings were uniformly yellow color 
and were only very slightly darker yellow than These seedlings 
died two three weeks after seeding. Type seedlings were very weak and 
small; the color the seedling leaf graded from light green the upper half 
white the base. These seedlings usually died somewhat earlier than 
those Type should pointed out that these three types are believed 
genetically identical, least for the chlorina factor, since the segregating 
ratios were uniformly spite the wide variations the proportions 
the three types recessive seedlings. The most plausible explanation 
this condition that the phenotypic expression was very unstable and 
slight differences nutrient supply arising from differences plumpness 
the seed would alter character expression. Actually the seed producing 
Type appeared more shrunken than the seed producing either the 
other two types. Typical specimens the three types are shown the 
fifth, sixth and seventh seedlings Fig. 

Three lines segregated for dwarfs. The dwarf; plants observed the 
progeny Plant 726 were characterized slow growth rate, slate-green 
leaf color and profuse tillering. The plant shown Fig. typical. The 
tillers developed until the shot-blade stage but spikes were rarely formed. 
Only one short compact spike was formed and was sterile. 

The type was observed the progeny Plant 730. The dwarfs 
found the and generations died the seedling stage, but those 
occurring the generation are growing very vigorously three months 
after seeding. The second the seedlings represented Fig. was typical 
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this generation. The seedling leaves were slate-green emergence and 
had undulating surface. Later leaves resembled the normal more closely 
and tillering was profuse and occurred much sooner than normal. The 
differences between the and dwarf, mutants were not marked and 
further study might reveal that they are genetically identical. 


single specimen the dwarf; type (Fig. was observed the progeny 
plant 842 and was strikingly different from normal comparison 
certain plant measurements 

TABLE between the dwarf; plant and 


COMPARISON OF DWARF3 AND NORMAL BARLEY PLANTS a normal barley plant at 
AT TWO MONTHS OF AGE 
two months age given 


Table IV. Although this 


Dwarf; Normal 
mutant remained very short, 
leaves and leaves were formed and 
Length leaves 59-90 mm. entually spikes emerged 


from all these tillers. The 

plant was self sterile and 
the cause was apparent when the florets were examined (Fig. The 
anthers were shrunken and empty pollen, and the lodicules and ovules 
were also under-developed. large number mutant florets were pollinated 
with normal pollen; three apparently normal seeds were produced but these 
failed germinate. chromosomes the root tips were examined but 
abnormalities were detected. 

The mutant was first detected the generation from Plants 726 
and 811. the former occurred line segregating for and 
the latter line segregating for The mutants resembled 
the mutants first emergence because their slate-green color and 
undulating leaf surface. However, the mutants never developed 
beyond the first seedling leaf stage although they remained living for many 


strain barley originated from Plant 232 which plastid 
mutation was believed have occurred the embryo the heat-treated 
seed. Chlorophyll development was affected all but the first seedling leaf 
previously described. Fifty-three seeds were obtained the only spike 
which developed and all the plants grown from these were virescent. The 
seedlings were light yellow emergence but additional chlorophyll soon 
developed the upper portions the leaves. When the plants were grown 
moderately high temperatures (about the greenhouse, with 
winter daylight supplemented artificial illumination night, they gradually 
approached normal development but remained light green color. con- 
siderable amount seed was obtained under these conditions. Under the 
much cooler field conditions spring the plants developed very little chloro- 
phyll and died before reaching maturity. Since all the plants the 


= 


and deficient seedlings; right, normal (811-31), 
xantha, (811-31), (24-6-9), normal (14-14-16), chlorina Type (14-14-16), 
(14-14-16), chlorina Type (14-14-16), normal (1700-20), albino 


Chlorina Type 


Normal and mutant seedlings; left right, normal 


heat treatment 85° for 110, 100 and minutes and check. Germination per- 


centages are 21, 48, 80, and respectively. floret from dwarfs mutant. 
Striping barley leaves induced the 


Right, floret from normal plant, X6.5. 5.. 
generation heat mutant, X1/10. Fic. Dwarfs mutant, 
x1/5. 
lines. 


The numerals enclosed brackets are the identification numbers the segregation 
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and generations were mutants, this believed another instance 
maternal inheritance plastid mutation. Reciprocal crosses with normal 
barley are being attempted this winter test this interpretation. 


Xantha, Segregation the and Generations 


complicated situation was found the and generations lines 
segregating for this character. different families both generations, 
good fits established the test were obtained for monohybrid 
may accounted for postulating the presence duplicate factors for 
the character. plant heterozygous for both these factors should 
segregate normals one and the next generation 4/15 the 
lines should give the same ratio, equal number should segregate and 
7/15 the lines should breed true for normal. This test the duplicate 
factor hypothesis present being made. Monohybrid ratios are expected 
only from plants which are heterozygous for one the factors and homozygous 
recessive for the other. Consequently single recessive mutation the 
generation treatment could give dihybrid monohybrid ratios the 
depending whether the treated plant was already heterozygous homo- 
zygous recessive for the other duplicate one instance the dihybrid 
ratio appeared for the first time the Family 811 that had previously 
segregated only the monohybrid ratio. Sixteen lines had segregated 
seven the eight lines. The other line exhibited ratio which 
gave better fit the 15:1 than the 3:1 ratio. reverse mutation 
from recessive dominant the cross pollination genotypes which 
were homozygous recessive for different duplicate factors, could account for 
this situation. The first explanation the more probable, since cross pollina- 
tion the greenhouse believed rare. 

Segregation for the character was observed for the first time the 
811 (Table material which was expected segregate only for 
reasonably certain that the mutation did not occur the 
since single mutation this generation could not give four segregating lines 
the next generation. Consequently, must have occurred either the 
generation treatment the 

This character segregated simple Mendelian recessive. Four segre- 
gating lines the and lines the were studied. Excellent fits 
the ratio were obtained for the totals and the families were shown 


homogeneous. 


Chlorina 

spite the difficulties caused the variable phenotypic expression 
this character, satisfactory fits the ratio were obtained both the 
and generations. The values the totals five lines the 
and lines the well the values for the test homogeneity were 
all well below the point. 
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Albino 

Satisfactory fits both and ratios were obtained for the albino 
character. Two lines segregated for each ratio the generation. The 
same duplicate factor hypothesis advanced explain the ratios 
should equally valid for this the plant 375 one 
the six lines segregating 3:1 for albino possessed plants 
addition normals and albinos. Presumably the arose 
from mutation the since this conspicuous character could not have 
been overlooked the addition, one virescent seedling was found 
another line with 201 normal plants. This mutant appears very similar 
the maternally inherited character found the progeny 
Plant 232, but its identity requires further checking. 


Dwarfs 

Positive identification the different dwarfs the early seedling stage 
was difficult until all the different types had been observed and carefully 
studied. This accounts for the failure obtain reliable ratios the 
Plant 196. However, enough experience had been acquired the time 
the generation was examined make positive identification possible, 
and seven lines with the character and three lines with the 
character were found. All these lines gave satisfactory fits the 3:1 
ratio. While certain that the dwarf; mutant occurred the generation 
treatment, the time occurrence mutation doubt. 

Only one segregating line the mutant the generation 
Plant 730 was found. The observed ratio gave very good fit the 
ratio but the population was too small for the results conclusive. 
ever, larger population the next generation gave very good fit the 
same ratio. plants were observed another line the same family 
and believed that the mutation occurred spontaneously the previous 
generation. 

has been impossible determine the mode inheritance the 
mutant. Nineteen were grown but none segregated for this character. 


Frequency Mutation Heat-treated and Unheated Barley 

Analysis the generation Lot after heat treatment indicated that 
sectorial mutations various kinds had occurred out 1451 plants 
shown Table and albino mutants were the most frequent, 
three each being observed. The size the sectors involved must have 
-been very small shown the excess normals the ratios and the 
fact that never more than one head per plant segregated. This would account 
for the relatively low frequency mutant plants the total population 
from Lot which the frequency was 17,500, and albino 
was was impossible determine the frequency occur- 
rence mutant sectors natural population, the only basis for comparison 
was between the frequencies observed the after heat treatment and the 
frequency the same strain grown under natural conditions. 
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More than million untreated plants were examined the field deter- 
mine the number mutants natural population. The mutants this 
material were derived from the accumulation heterozygous plants from 
mutations many previous generations. would assist greatly the 
interpretation the results this experiment were possible calculate 
accurately the proportion mutants derived from mutations the previous 
generation and make the necessary correction for the proportion the 
mutants derived from the accumulation heterozygotes from earlier gene- 
rations. This was not possible for two reasons: First, account the 
unknown variation the mutation rate from year year; second, account 
the occurrence both monohybrid and dihybrid segregation ratios for 
and albino characters. The effect accumulation could ignored 
representative sample the natural population could treated and 
the number mutants the compared with the natural frequency 
large population. However, was not possible the time handle the 
greenhouse the progeny more than 2000 plants, which totalled more than 
million individuals. relatively small sample 2000 seeds cannot 


4 
expected contain representative number accumulated heterozygotes, 


since their frequency may only 50,000. Actually none the heat- 
treated seeds were homozygous recessive for any the mutants studied, 
and the sample probably did not contain any accumulated heterozygotes, 
since was proved all but one instance (Plant 1340) that only sectors 
heat-treated plants were heterozygous. Consequently the number 
mutants observed the were probably derived solely from mutations 
occurring the generation treatment, while the large natural population 
studied the frequency was increased the accumulation heterozygotes 
from many earlier generations. These facts were kept mind interpreting 
the significance the results obtained. 


field Wiener’s strain O.A.C. barley, containing acres, was 
examined determine the natural frequency mutant plants, particularly 
xantha and albino seedlings which were most easily detected. The total 
number plants the field was estimated counts the plants enclosed 
the field. Smaller plots other strains O.A.C. were also examined. 
these plots the total number plants was estimated counting repre- 
sentative number rows. The results all these observations are given 
Table and albino mutants were the only types observed. 
attempt was made distinguish from mutants, that 
the frequency given Table VII includes both types. Dwarf and chlorina 
mutants were never observed. Even these mutants are more difficult 
detect than xantha albino mutants, might significant that none 
the former were observed population more than million whereas 
one chlorina and three dwarf plants were observed approximately million 
plants after heat treatment. 
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strain grown Scott’s farm Ottawa was 78,200. The frequency 
observed the generation from Lot heat-treated material the same 
strain was 13,400. Even without any correction for the accumulation 
heterozygotes nature, apparent that the frequency has been raised 
significantly the heat treatment. The strain from the University 
Alberta contained very high frequency xantha plants, 500. This 
frequency far excess any other observed either heat-treated un- 
treated material. probable that this the result chance selection 
small sample containing the progeny few heterozygous plants. 
this population included the total, the mean frequency 20,700 
still appreciably lower than that observed the generation after heat 


treatment. 

The frequency occurrence albinos the generation from Lot 
after heat treatment was 45,500, whereas the frequency observed the 
untreated material the same strain was 19,000 for all the strains 
examined, 16,900. Even correction was introduced compensate 
for the accumulation heterozygotes the untreated material, apparent 
that the heat treatment did not increase the mutation rate for the albino 


character. 
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THE EXPERIMENTAL INFECTION PIGEONS AND 
POULTRY WITH ASCARIDIA AND HETERAKIS' 


MILLER? 


Abstract 


The results investigations the intertransmission pigeon and fowl 
parasites are presented. They show that Heterakis gallinae and Ascaridia galli 
from the fowl are not transmissible pigeons. Larval Ascaridia columbae, 
however, will develop young chicks 96-hour stage, although they are not 
present 120 hours after infection. 


not uncommon for species parasites known infect pigeons 
found infecting other domestic birds. interesting, however, note 
that the cestodes pigeons are rarely, ever, found any the other 
domestic birds. 

far known very little work has been done the experimental 
infection domestic birds with pigeon parasites vice versa. The only 
record found was successful infection poultry with Capillaria columbae 
from the pigeon Consequently attempts were made introduce 
dia columbae into the fowl, and the same time, galli and Heterakis 
gallinae into pigeons. 

The eggs the pigeon parasites were collected from the feces pigeons 
confined cages the Institute Parasitology, and from gravid female 
parasites removed after autopsy. gallinae were obtained from fowl 
intestines supplied Messrs. Henry Gatehouse and Son. the case 
galli, single gravid female recovered from fowl egg provided sufficient 
supply eggs. 

The pigeons were all examined arrival for internal parasites, and those 
used the were given three successive fecal tests, intervals 
hours, before the date infection. If, after these tests, the feces showed 
trace helminth eggs, the bird was considered free helminths. 

The chicks used the experiment were secured from the Macdonald 
College Poultry Department February day-old chicks, and were placed 
brooder, all parts which had been thoroughly sterilized with steam. 
Later they were moved wire cages, each cage containing only those birds 
concerned one particular experiment. All experimental birds were banded 
eliminate confusion identification. 


Manuscript received February 1937. 
Contribution from the Institute Parasitology, McGill University, Macdonald College, 
Que., with financial assistance from the National Research Council. 
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Two methods were employed the culturing parasite eggs. one 
antiseptic substance was added aqueous egg culture keep down molds 
and bacteria, and the other, lowered humidity was used for the same 
purpose. Both methods proved satisfactory. 

The infective eggs fed were drawn off with pipette and deposited 
filter paper folded funnel. this way the liquid passed through, 
while the eggs remained the filter paper. The part the filter paper 
bearing the eggs was then cut out, mixed with chick mash, and rolled into 
small pellet. With the aid forceps this pellet could easily placed 
the throat the bird, which quickly swallowed it. the end the 
investigation the filter paper with the eggs was fed without mixing with 
the mash. This wasa much quicker method and quite 
bae eggs, which were collected the feces, were passed through fine bolting 
silk. This separated the eggs from the larger fecal particles. The eggs were 
then fed the manner described above. 


EXPERIMENT 
Artificial Infection Pigeons with galli 

January 29, gravid female galli was dissected; the uterus was 
removed and teased out plate glass which was placed closed jar 
room temperature, with relative humidity 97.5%. February 
vermiform larvae could seen moving within the shell. Whether the eggs 
were infective could not determined, but order make sure, they were 
left considerably longer. February 24, fungus growth was noticed 
the eggs, which were then washed off and stored small Petri dish with 
about formol solution. This killed the fungus. 

February 26, two pigeons, which had been previously proved ascaridia- 
free, were fed about 150 infective ascaridia eggs. Infection was repeated 
March 11, 15, and the same time, order determine 
whether the eggs were infective, two chicks, approximately three weeks 
age, were removed from the brooder and placed small cage away from 
the others. order take into consideration the possibility age 
immunity pigeons ascaridia, two pigeons known ascaridia-free were 
infected with eggs columbae, and the infection repeated the same dates 
the infection with galli. Two ascaridia-free pigeons were used 
controls. 

March 24, one the pigeons infected with columbae was killed and 
the intestinal contents thoroughly examined. the posterior portion 
the gut one small larva was found. This was presumably 48-hour larva, that 
corresponding with the time since the last infection; also corresponded 
the 48-hour larvae found other experiments. 

The other pigeon infected with columbae was killed March 26, having 
been fed infective eggs hours again only one larva was recovered. 
These results suggest strong age immunity pigeons Ascaridia columbae. 
This age immunity would probably affect well, and therefore, 


MILLER: EXPERIMENTAL INFECTION PIGEONS 107 


although March parasites were found the pigeons that had been 
infected with galli, the possibility not excluded that young squabs may 


the examination the control chicks infected with galli, some interest- 
ing results were noted. The first chick killed March 26, yielded larval 
ascaridias, and while according Ackert (1) the average length for 29-day 
galli about mm., these varied length from less than millimetre 
to9 mm. first appeared though the larvae were not the result the 
original infection but were due infective contamination from some 
outside source. However, the birds were kept under strictly sanitary 
conditions, and none the control birds showed the infection, the larvae 
must have been hatched from the eggs fed February 26. The other chick 
infected the same time was killed April 16, permit the parasite 
reach maturity and thus make identification possible. Two male ascaridias 
were recovered from this chick, and here also, there was considerable dif- 
ference their sizes, one measuring mm. length and the other mm. 
Although the ascaridias were identified galli they were only about 
three fifths the normal length and the spicules were not fully formed. 
This lack development may due some form immunity reaction 
set the chicks, that interferes with the normal growth the parasites, 
which are affected unequal manner. These results are quite different 
from any published other workers reference the life history galli. 


EXPERIMENT 


Artificial Infection Pigeons with Heterakis gallinae 

January 21, several hundred female heterakis were teased out 
plate glass and incubated relative humidity 97.5%. 31, 
heavy growth fungus was noticed the eggs, and subsequent examina- 
tion showed that those eggs teased out the uterus and exposed contained 
air bubbles and were dead. The eggs protected the uterine wall however, 
were still alive, and when examined February contained well developed 
larvae. would seem that the fungus growth lethal the unprotected 
egg. The eggs were washed off into small Petri dish and stored solution 

Only one pigeon was infected this experiment and February 
was fed about 125 eggs. The infection was repeated March 11, 
the same time, order check the infectivity the eggs, 
chick was removed from the brooder, infected, and isolated cage. 
March 23, hours after the last infection, the pigeon was killed and the gut 
contents examined. Although very thorough examination was made, 
heterakis any stage were recovered, were any eggs found. deter- 
mine whether the eggs were infective the control chick was killed, and 
examination yielded four adult heterakis. While this not large per- 
centage infection, does show that some the eggs were infective. These 
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results suggest the conclusion that Heterakis gallinae not infective adult 
pigeons. The possibility that may transmitted young squabs, 
however, should not overlooked. 

What happens the eggs when they enter the pigeon interesting 
point, and when take into consideration the fact that larvae even 
eggs were found the bird, the most likely explanation seems that the 
eggs hatch and the larvae, finding their environment incompatible, die and 
are digested the host. There the possibility that the eggs not hatch 
all and are passed out with the feces within hours, that the ezgs 
hatch and the larvae, not finding any caeca, pass out. seems unlikely 
however that they should completely pass through the alimentary canal 
hours. Moreover, larvae were ever found the feces, the last 


explanation unsatisfactory. 


EXPERIMENT 
Artificial Infection Fowl with Ascaridia columbae 


December 20, the first attempt was made incubate scaridia columbae 
eggs; they were placed shallow solution potassium dichromate. 
When examined December 31, most them contained active larvae. 
Again January 15, eggs were sedimented plate glass and sealed 
jar 100% humidity. January 25, although fungus growth had 
appeared the eggs, they nearly all contained active larvae. While the 
larvae appeared well developed, they were probably not infective. 
February 23, eggs were sedimented plate glass relative humidity 
90%. February 25, another group eggs was cultured solution 
formol. This culture seemed progress more rapidly, and although 
started two days later, reached the vermiform stage sooner than did the 
first mentioned culture. Eggs from the culture February were used 
this experiment. 

March 18, ten chicks were each fed 1000 embryonated scaridia 
eggs. March 28, ten days after infection, one the infected birds was 
killed, and careful examination the intestinal contents failed reveal 
any ascaridia larvae. order find what happened the Ascaridia 
columbae eggs after being swallowed the chicks, the chicks were all re- 
infected March 30, and individuals were killed and examined 24, 48, 
72, 96, 120 and 144 hours after infection. the same time, the feces 
were examined for eggs and larvae intervals from one hours after 
infection. 

the larvae are very small, great care was taken the examination 
the intestinal contents the birds. The gut was divided into its different 
parts—oesophagus, stomach, duodenum, small intestine, caeca 
and each part was opened and individually shaken water. 


intestine 


The liquid was poured off and allowed settle, while the mucosa was care- 
fully examined for nodules haemorrhagic spots. Any suspicious looking 
areas were scraped compressorium and examined microscopically. 
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The liquid was allowed settle for considerable length time, the 
upper fluid was poured into another vessel and allowed settle turn. 
This was repeated three four times make sure that larvae were poured 
off with the upper fluid. The residue each case was carefully examined 
under binocular microscope. When larvae were found they were transferred 
slide, fixed passing the slide over the flame spirit lamp, and studied 
under microscope. The caeca the chicks infected for more than hours 
were not examined, and only the eight-hour infection was any part above 
the duodenum examined. 

the chick killed eight hours after infection, eggs were recovered the 
crop and the stomach. larvae were found any part the gut. 

The chick killed hours after infection had numerous larvae the small 
intestine; none was found any other part the gut, the immediate 
feces. Apparently the eggs hatch somewhere between eight and hours 
after infection. 

DESCRIPTION THE LARVAE (FIGs. 

Relatively thick-bodied larvae; parallel sided body becoming somewhat 
thinner posteriorly, with pointed tail; length 0.34 mm., width widest 
part, distal portion oesophagus, 0.018 mm.; oesophagus 0.12 mm. long 
little more than one-third body length, distal portion slightly expanded; 
intestine narrow, leading anus with slightly prominent lips, 0.049 mm. 
from tip tail; the interior the body filled with granular material. 

The chick killed hours after infection yielded five larvae from the small 
intestine. Here again, larvae were found any other part the gut 
the immediate feces. The length this case was 0.354 mm., the oeso- 
phagus 0.126 mm. and the distance from the tip the tail the anus the 
same the 24-hour larvae. larvae were similar the 24-hour one 
all other respects except that here excretory pore and duct could 
made out 0.088 mm. from the anterior tip the body. 

The chick killed hours after infection har- 
bored five larvae the posterior part the gut. 

The larvae this case were very similar those 
obtained from the chick infected hours, but 
were slightly longer. 

The chick killed hours after infection had 
four larvae the posterior part the small 
intestine and one the large intestine. The 
larvae were approximately 0.39 mm. long, and 
were proportionately broader than the 24-hour 
larvae, the width being 0.023 mm. The oeso- 
phagus had shorter and more distinct posterior 


bulb but was practically the same length. 
short distance behind the bulb the oesophagus 
was what appeared genital anlage. The Fics. AND 


distance from the anus the tip the tail 


was 0.06 mm. (Fig. 2). hours after infection. 
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larvae were detected the chicks killed 120 and 144 hours after in- 


fection. 

The examination the feces failed reveal any eggs larvae before 
hours after infection. From hours, larvae about 0.34 mm. long 
were recovered. eggs were ever found, nor were any larvae found after 
hours. 

would appear, therefore, that the eggs Ascaridia columbae hatch 
the chick between and hours after infection, and from hours 
the great proportion them pass out with the feces. However, some remain 
the small intestine until between and 120 hours after infection, when 
they die and presumably pass out with the feces are digested the host. 


Acknowledgments 


This investigation was carried out under the supervision the Director 
the Institute Parasitology. with pleasure that express thanks 
the Director and the staff for their invaluable advice and assistance. 

would also like express appreciation Messrs. Henry Gatehouse 
and Son for supplying pigeon material and Mr. Louis Meyer for supplying 
the living pigeons used during the investigation. 


References 


The morphology and life history the fowl Nematode, Ascaridia lineata 
(Schneider). Parasitol. 360-379. 1931. 
REPORT THE CHIEF, UNITED STATES BUREAU ANIMAL INDUSTRY. p.72. 1930. 


111 


NOTE THE REDUCTION THE FECUNDITY 
TRIBOLIUM CONFUSUM DUE EATING 
ITS OWN EGGS! 


JOHN STANLEY? 


Some time ago (1) the writer showed that the growth the egg population 
Tribolium confusum could described expression 


aN, 


T = + tog, ( b 


and this curve was figured (1). 


making attempt produce this curve experimentally removing 
the old eggs every four days and replacing them equivalent number 
new young eggs, curve roughly similar form was obtained for the early 
stages, with evidence later periodic fluctuation instead approach 
asymptote. 


Further experimental work, well mathematical analysis the situation, 
shows that the curve actually obtained not nearly steep should 
the egg-laying rate remains constant, and there good evidence show 
that the eating eggs reduces fecundity later time. This effect can 
shown competent not only flatten the curve but also produce the 
periodic fluctuations that occur. full description this matter will 
made later publication. 
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mathematical theory the growth populations the flour beetie 
Tribolium confusum Duv. Can. Research, 632-671. 1932. 
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RAPHIDASCARIS LAURENTIANUS SP. (ASCAROIDEA) FROM 
SALVELINUS FONTINALIS (MITCHILL) QUEBEC! 


RICHARDSON? 


Abstract 


new Raphidascarid nematode, laurentianus described from 
material collected from the intestine the speckled trout. The specimens were 
obtained from Labelle County, Quebec. laurentianus moderate size and 
characterized having delicate caudal alae, parallel uteri, and only five 
twelve pairs preanal papillae. This the first definite record such 


nematode from speckled trout. 


The records nematodes parasitic the speckled trout (Salvelinus fontinalis 
(Mitchill) eastern North America have been few. Within recent years 
several new species have been recorded. Skinker (3) has described Meta- 
bronema canadense from single specimen obtained from trout taken 
the Matamek River, Quebec. Chandler (1) has described Cystidicoloides har- 
woodi from specimens taken from the stomach trout collected near Elizabeth- 
town, northern New York state, while Simon and Simon (2) have described 
Philonema agubernaculum from speckled trout and other hosts the Wyoming 
area. 

examination the intestines six speckled trout collected Lac Sept 
Fréres, Labelle County, Quebec, June 1933, during the course biological 
survey conducted the Department Public Works, Game and Fisheries, 
showed the presence large numbers new Rhapidascarid nematode. 
The worms were present throughout the length the intestine with the 
exception the rectum and the stomach. many worms, ranging 
length from 5.0 mm. 29.0 mm. and representing both sexes, were taken 
from the gut single trout. The majority the worms were present 
the pyloric caeca. The largest females were collected from the lower portion 
the intestine. Immature specimens were common and ranged length 


10.0 mm. 

The hosts were also heavily infected with the trout tapeworm (Eubothrium 
(Schrank, 1786) and with the small coronate trematode Crepido- 
stomum Hunninen and Hunter 1933. 


The present specimens are located within the genus Rhapidascaris the 
basis the arrangement the alimentary canal and associated structures. 
The presence ventriculus and ventricular appendix, and the absence 
other caeca, the cuticular expansions the lips and absence dentigerous 
ridges, are characters descriptive this worm and diagnostic for this genus. 
The presence caudal alae does not seem have been noted other worms 
the genus and may serve set aside the present specimens from previously 


described species the genus. 


received March 12, 1937. 
Contribution from the Department Zoology, McGill University, Montreal, Canada. 


Assistant, Department Zoology, McGill University. 


| 


RICHARDSON: RAPHIDASCARIS LAURENTIANUS 113 


Raphidascaris laurentianus 
SP. NOV. 

the present collection 
the females reach maximum 
length 29.0 mm. with 
maximum diameter 1.08 
mm. the beginning the 
posterior third the body, 
and diameter 0.72 mm. 
the level the vulva. 
The average female specimens 
are from 17.0 mm. 25.0 
mm. length. these the 
posterior portion the body 
slightly wider than the 
anterior, and the diameter 
the body increases gradually 
from the narrow 
the level the vulva where 
varies from 0.52 mm. 
the smaller specimens 0.70 
mm. the larger. Behind 
this point, the body 
practically uniform diameter 
nearly the level the anus. 
With the large 
numbers eggs the uteri 
and median vagina, the pos- 
terior portion the body 
becomes obviously swollen. 
The tail long, sharply 
pointed and tapering gradu- 
ally from just before the anus 
extend 0.5 mm. beyond 
that point. The cuticle 
striated, there being five 
seven striations length 
0.1 mm. The cuticular 
ridges frequently present 
retrorse appearance. Sym- 
metrical lateral cephalic alae 
are present. These are nar- 
row, 0.12 mm. breadth 
their widest point, and extend 
backwards from the neck 
point just beyond the 


Anterior third adult female, 20.0 mm. 
long, drawn ventro-lateral view. Posterior end 
adult female ventro-lateral view. Outline view 
posterior end male drawn from the ventral aspect. 
Posterior end male, lateral view. scales mm. 
AN., anus; APP., ventricular appendix; C.AL., caudal alae; 
CEPH. AL., cephalic alae; cloaca; INT., intestine; OV., 
ovary; P., papillae; GL., rectal glands; spicule; 
VAG., vagina; V.D., vas deferens; VENT., ventriculus; 
VULV., vulva. 


VENT: 
AN. 
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vulva. Delicate short caudal alae are present and difficult detect. 
They extend from point 0.5 mm. before the anus the tip the tail. 
The caudal alae are 0.030 mm. width. There are sulci either 
the cephalic the caudal alae. There are three lips, one dorsal and 
two subventral. The dorsal lip has two papillae, the ventral lips one 
each. The border each lip emarginate. The oesophagus the 
female 2.0 mm. 3.4 mm. length and averages the total length 
the body. The ventriculus 0.15 mm. 0.17 mm. length and wider 
than long. The thin-walled ventricular appendix 0.9 mm. 1.1 mm. 
length. The gut simple, expanded throughout its length and joined 
the anus short, narrow tube with delicate walls. There intestinal 
caecum. The vulva situated point distant the total length from the 
anterior end the body. The vulva not protected prominent lips. 
The median sac-like vagina elongate and terminates posteriorly two 
simple uteri. The latter are parallel, not divergent, and pass straight back- 
wards point 1.5 mm. from the anus where they turn forwards into the 
oviducts. The latter pass forward nearly to, but not reaching the level 
the vulva and then return the ovaries. The ovaries are greatly convoluted 
with the exception the posterior portion, which terminates before reaching 
the anus. The ovaries are lateral and conceal the other portions the 
reproductive system. The ova removed from gravid female are subspherical 
and have diameter 0.080 mm. 


The male smaller than the female and reaches maximum length 
23.6 mm. with diameter 0.78 mm. The majority the mature males 
the present collection are 17.0 mm. 22.0 mm. length. The body 
almost uniform diameter posterior the beginning the second third 
its length, but tapers gradually forwards from this point the narrow head. 
The posterior end the body bent ventrally into semicircle. The body 
terminates more abruptly than the female, posterior the cloaca the short 
tail taking the form small high cone. The mouth parts are similar 
those the female. The cuticle striated. Symmetrical lateral cephalic 
and caudal alae are present and similar the same structures the female. 
The cephalic alae extend the level the anterior coils the testis. The 
cuticle bears five twelve pairs low, non-pedunculate preanal papillae 
and one pair adanal papillae. The number increases the larger males, 
some which also have two three pairs incompletely developed papillae 
anterior the normal ones. The oesophagus the total length 
the body. The central canal corrugated. The ventriculus has longi- 
tudinal diameter that the length the oesophagus. The appendix 
and gut are the same the female. The testis convoluted and reaches 
forward the posterior end the ventricular appendix. The coils the 
testis are wider than long, close and more regular than the coils the ovary 
the female. The testis terminates median, elongate vesicula seminalis. 
The spicules are equal, curved and 0.45 mm. 0.70 mm. length. Each 
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spicule bears wing the form gutter. The shaft the spicule 
0.016 mm. diameter, the wing 0.044 mm. width. The spicules ter- 
minate with obtusely pointed distal end. 


The present specimens are distinct from brachyurus Ward and Magath, 
1916 (5) the presence papillae the tail the male. They differ 
from cayugensis Wigdor, 1918 (6) having the uteri parallel and not 
divergent their entry into the median vagina. laurentianus distinct 
from canadensis Smedley, 1933 (4) having the cephalic alae equal, and 
lacking sulcus; smaller number papillae the caudal end the body 
the mature male, more posterior position the vulva the female 
and having eggs larger size. The present specimens are smaller worms 
than acus (Block, 1779). 


have examined the viscera several northern pike (Esox lucius Linn.) 
taken from lakes Labelle County, the expectation obtaining specimens 
canadensis for closer comparison with the present specimens, but far 
without result. These pike were all infected with Proteocephalus pinguis 
Rue 1911. Specimens pickerel (Esox niger LeSueur) from Brome Lake, 
Brome County, were heavily infected with Raphidascarid nematode the 
larvae which are commonly found encysted the liver perch this 
lake. These specimens are also distinct from any described Raphidascarid. 
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